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Fast, precise polarographic analysis 


with new Type E Electro-Chemograph 


Designed for rapid, accurate polarographic analysis, the new L&N Type E 
Electro-Chemograph features one piece console design incorporating a built 
in Speedomax Recorder. The instrument automatically plots diffusion 
pom as a function of voltage and is convenient for both research and in- 
dustrial process control. 


Operation is fast and convenient. All controls are centralized on one 
panel. The instrument has four degrees of damping, and has eleven current 
ranges handling 0 to 100 microamperes. There are three polarizing voltage 
ranges; 0 to —2, —1 to —3 and +1 to —1 volts, Any of these ranges can 
be reversed to cover both anodic and cathodic polarization. The equipment 
is shielded against electrical pickup, and is not affected by vibration. 
cs it is supplied for a-c operation, but it can be chit for use with 

tteries. 


Further information is available in Folder EM9-90(1). 
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FORCE 62,000 TIMES 
GREATER THAN 


TYPICAL 
APPLICATIONS: TYPICAL USES: 


LABORATORY 
RESEARCH 
PILOT PLANT 


INDUSTRIAL 
OPERATIONS 


VIRUS RECOVERY 
CLAY ANALYSIS 
BLOOD SEPARATION 
ENAMEL ANALYSIS 


LABORATORY CON- 
TROL WORK FOR 
PLANT OPERATION 


THE SHARPLES LABORATORY SUPER-CENTRIFUGE 
A continuous centrifuge utilizing a centrif- 
ugal force as high as 62,000 times gravity 


Developing the extremely high centrifugal force of 62,000 times gravity, the 
Sharples Laboratory Super-Centrifuge makes possible the rapid and continuous 
separation of immiscible liquids or the removal of solids from liquids, which 
in many cases could not be accomplished otherwise. 

This feature is one of many advantages of the Sharples Laboratory Super- 
Centrifuge that meets the demands of modern laboratory research and produc- 
tion problems. The Presurtite model of the Sharples Laboratory Super-Centrifuge 
is totally enclosed and can be used for work with live micro-organisms or with 
liquids producing toxic or inflammable vapors without the fear of contaminating 


the surrounding atmosphere. 
For complete details, write for bulletin # 1235 


“FRANCISCO 5, CALIF. CLEVELAND 15. OHIO 
686 Howard Strect 453 Hippodrome Annex Bidg 


EXECUTIVE OFFICES AND FACTORY 2300 WESTMORELAND STREET, PHILADELPHIA 40 PENNA 
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THE FRANKLIN INSTITUTE 
LABORATORIES 


for 


Research and Development 


Technical Research in the Fields of : 


MECHANICAL ENGINEERING 
CIVIL ENGINEERING 
ELECTRONICS AND INSTRUMENTS 
CHEMICAL ENGINEERING AND PHYSICS 


For further details write to The Executive Director 
20th and Benjamin Franklin Parkway 
Philadelphia 3, Pa. 
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PENN INDUSTRIAL CONSULTANTS 


2010 WALNUT STREET, PHILADELPHIA 3, PA. 
LO 7-224) 


ENGINEERING SERVICES— 
DRAFTING—DETAILING—TRACING 


We offer to Industry an experienced group of drafts- 


men, detailers, tracers for the following types of work: 


. Pencil or ink on paper. 
2. Pencil or ink on linen. 
. Lettering—(a) Hand 
(b) Leroy 
(c) Wrico 
. Reproduction purposes. 
. Machine—Tools. 
. Architectural—Structural. 
. Electrical and Steam Power. 
8. Piping—Industrial, Heating and Chemical. 
9. Maps, Charts, Graphs. 


Our tracers work on 30 especially designed light 
boards which speed up work by from 20% to 30%. 
They are fast, accnrate and do beautiful work. 


Our customers include many of the larger Industrial, 


Public Utility and Railroad Companies in the East. 


Our prices are reasonable. 


Estimates cheerfully furnished. 


May we hear from you? 


PENN INDUSTRIAL CONSULTANTS 
H. VAUGHAN CLARKE 
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Consulting Engineers 


EGGLY-FURLOW 
ENGINEERS 


Consulting Engineers 
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Consulting Engineers 
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121 S. Broad St., Philadelphia 7, Pa. 
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Engineers 
Consultation and Laboratories 
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DAMON & FOSTER 
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CHESTER PIKE & HIGH ST. 
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“A little neglect may breed 


great mischief.” 
—Poor Richard 


Let us consider Wills, for example, as matters 
which require careful planning in order that 
“great mischief’ may be averted. 


In many instances, when the estate is finally 
settled, it is found that because the Will was 
not revised to meet changed conditions, pre- 
ferred beneficiaries do not receive the full share 
intended for them, and so they suffer hardships. 


Your Will must be carefully planned! 


We urge that you consult your lawyer and 
arrange for a painstaking review of your Will. 
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TRUST COMPANY 
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ELECTRONICS—PAST, PRESENT AND FUTURE 


BY 
W. C. WHITE! 


The science of electronics is usually thought of as being new, but 
this is hardly the case. This year, the JOURNAL is celebrating its 
123rd year and, of course, this antedates all except the most elemental 
observations in this science. However, quite a little had been done as 
long as 50 years ago. 

In 1898 the word ;‘‘electron”’ had been in print for seven years. 
The British scientist, J. J. Thomson, had made the first evaluation of 
the charge on the electron and Thomas A. Edison had received a patent 
(fourteen years earlier) on the use of a hot-cathode, two-electrode tube 
for use as a voltage regulator in the Edison central station system that 
he was developing. 

In another branch of what today is considered electronics, a German 
physicist had established pretty thoroughly the fundamentals of the 
mercury-arc rectifier as we know it today. In still other branches of 
the science, the use of alkali metals for sensitive phototubes had been 
discovered and the cathode-ray oscillograph had been disclosed with 
its deflection of beams by electric and magnetic fields. 

Of course, this is the familiar pattern of most technical developments. 
The fundamental research and the disclosure resulting from it precede 
by several years the practical application. An attempt has been made 
to show this in the charts that accompany this article. For this purpose 
the field has been divided into six classifications and the fundamental 
discoveries basic to each part of the field are listed in connection with 
a time scale. Included also are the development and practical utiliza- 
tion of the basic ideas that were later evolved. 

It is of interest to consider further this matter of the time that 
elapses between the conclusion of a piece of basic research and when 
the product is generally available. 


1 Electronics Engineer, General Electric Research Laboratory, Schenectady, N. Y. 
(Note—The Franklin Institute is not responsible for the statements and opinions advanced by contributors in 
the JouRNAL.) 
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In the case of radio communication, the British scientist, Maxwell, 
in 1867 enunciated the theory of the transmission of light, heat and radio 
waves in space. It was 21 years later, and after the death of Maxwell, 
that Hertz published his paper which confirmed experimentally the 
theory of Maxwell. After a further lapse of six years, and after the 
death of Hertz, the Italian engineer, Marconi, transmitted ‘‘wireless”’ 
messages in 1894. It was about another ten years before there was 
much actual everyday use of his developments in radio communication. 
In this example there was a delay of about 35 years between the pre- 
sentation of a theory and the common use of products based thereon. 
This was due in part to the lack of organized research and development. 

Electronics for radio communication was somewhat more fortunate 

in this respect. Only about ten years elapsed between the fundamental 
work of J. J. Thomson on the electron and the fairly common use of 
the de Forest audion. The really rapid strides in this science took place 
after 1911, when organized research took up the work. However, as 
the charts indicate, some phases of what we now consider electronics 
were slow in getting under way. These charts show very clearly that 
like many other fields of science many minds working in many lands 
have contributed to the methods and devices that are now in common 
use. 
It takes a large volume today to cover even the fundamentals of 
electronics much less its practical applications. However, one simple 
concept that embraces pretty much the whole field is to consider that, 
when an electron tube of any sort is incorporated in an electrical circuit, 
it introduces a gap in that circuit, where the continuous metallic con- 
tinuity of that circuit is broken, and in its place is substituted a gaseous 
or vacuum medium across which the electrical current is carried by 
charged particles. This gap may be only a few thousandths of an inch 
in length or it may be measured in feet (Fig. 1). The fundamental 
point, however, is that in this gap useful effects occur and it is possible 
to affect the flow of electrical current in a number of unique ways. It 
is these unique methods of current control that, in general, make the 
electron tube the valuable device that it is today. 

Looked at broadly, there are four of these unique features: 


1. High-vacuum tubes have ability to interrupt, re-establish or vary 
the current in this gap at tremendously high frequency, up to tens of 
billions of cycles per second. Therefore, in comparison with most other 
electrical devices, an electron tube designed for use at high frequency is 
independent of frequency through a very wide range. 

2. Most electrical devices for the control of current effect that 
control in a step-by-step manner. An electron tube designed for the 
purpose does it with a degree of smoothness unrivaled by any other 
method. It is this characteristic that allows it to reproduce music and 


speech with such perfect quality. 
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3. The flow of electric current across the gap which is fundamental 
to all vacuum tubes can be controlled by means of the application of an 
extremely small amount of electrical power. In many cases, kilowatts 
of energy may be accurately controlled from a few watts of controlled 
power. This phenomenon, of course, is spoken of as amplification. 

4. Many electron*tubes are efficient rectifiers both for heavy cur- 
rents and extremely high voltages. 


Fic. 1. In every form of electron tube, there are at least two electrodes. The vacuum 
or gaseous space between these electrodes represents a gap in the circuit. The current control 
that can be effected in this gap of the physical phenomenon occurring therein is the basic 
effect which gives electron tubes their unique properties. This gap may be only a few thou- 
sandths of an inch in length as in the “lighthouse” type of microwave tube shown above or 
it may be many feet in length as in the case of a neon sign. 


Although there are a number of electrical devices that incorporate 
one or two of these four unique properties, the electron tube in its more 
common forms combines several to a remarkable degree. 

Electronics is a science of extremes. Electron tubes are in common 
use that operate at 25 cycles and during the war radar systems were 
evolved utilizing both transmitting and receiving tubes generating and 
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responding to about 25 billion cycles. Special tubes are available that 
act as electrometers for detecting currents of the order of 10~'* amperes 
and others are used for controlling the heavy currents to resistance 
welders involving the conduction of peak values through the tube of 


= 
= 


aa 
Fic. 2. Electronics is a science of extremes not only in electrical quantities, such as 
frequency, current and voltage, but also in size. Electron tubes range in size from the tiny 
ones in a vest-pocket hearing aid to the huge X-ray equipment shown above. 


about 10,000 amperes. In communication, sensitive measurement 
tubes are available that can detect and amplify usefully a few millionths 
of a volt. At the other extreme, the so-called electron accelerators 
used for X-ray production and in the studies of nuclear physics operate 
in the millions of volts. 
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In physical size there is similar extreme range. Tubes have been 
built about the size of a kernel of grain. At the other extreme, some 
forms of tank rectifiers are large enough so that a man could move 
around inside (Fig. 2). 

It must be admitted that one reason for the versatility and extremes 
of characteristics exhibited by the various kinds of electron tubes is in 
a measure accounted for by the breadth of activity which today is 
covered by the term “‘electronics.”” This term has broadened greatly 
in not too many years. Twenty-five years ago, it was applied almost 
exclusively to high-vacuum tubes used for radio. Today it has been 


Fic. 3. Electronics plays an important part in complicated computing devices, such as 
this differential analyzer, that perform mathematical operations, It can do quickly and with- 
out error mathematical work of certain clerical types that otherwise would involve routine 
mental processes and pencil pushing. 


extended to cover mercury-arc rectifiers, fluorescent lamps, neon signs, 
cyclotrons and other devices involving the electrical current through a 
vacuum or gas. There is even a tendency to apply the word to devices 
in which the conduction is through a solid if this conduction has certain 
unique properties. 

Of late, it has become increasingly apparent that electronics is 
molding a new career for itself. Over the past many years, engineers 
and particularly electrical engineers have devoted much effort to the 
creation of labor-saving devices. These have found their places in the 
home as well as in industry. As a result, much of the hard physical 
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work formerly done has been eliminated and the human element is now 
merely the controlling factor. The extent to which this has been done 
is clearly indicated by the increase of horsepower available to each 
worker in this country today as compared with not too many years ago. 


Fic. 4. The microphone, loudspeaker and phototube, each with its associated electronic 
equipment, simulate the human senses of hearing, speech and vision to a certain extent. Re- 
cently this idea has been applied to another one of the senses, that of smell. The device 
shown above, known as a leak detector, responds to vapors of halogen compounds when 
present in air to the extent of only a few parts per million. It is finding application as a leak 
detector which sniffs suspected welds or joints in tanks or piping systems. For a leak test, the 
system is filled with air under pressure plus the addition of the vapor of some halogen com- 
pound, such as freon. 


As has been indicated, electronics will probably enter the picture in 
a somewhat different way. It will be used to simulate, replace or sup- 
plement the mental activities of a human being and the accomplish- 
ments traceable to his several senses, such as sight, sound and judgment 
of temperature. This new concept has now been carried even further. 
One of the most modern electronic devices is the computer by which 
complicated mathematical operations can be performed (Fig. 3). One 
of the basic needs in the design of such a computer is a method of storing 
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up impulses so that they may later be combined. This involves the 
phenomenon of memory, and here electronics is playing an increasingly 
important function. 


Fic. 5. Electronic devices of many sorts time industrial operations or measure time 
intervals so short in duration that they are utterly beyond human perception. The radar of 
World War II involved accurately generating and measuring time intervals of the order of a 
millionth of a second. In this picture the speed of a bowling ball is determined. 


Electronic devices or apparatus in which electronics plays an im- 
portant part are, as has been stated, used to simulate the common 
human senses (Fig. 4). Examples of this are the phototube which, like 
the eye, can respond to varying degrees of illumination; the microphone 
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with its amplifier that forms an ear, and the loudspeaker with its 
amplifier that simulates the voice. More recently, an electronic device 
has been announced with a sense of smell for certain classes of vapors 
and smokes. 

These provide certain of the basic links by means of which the re- 
sponses of a human being to different stimuli can be fed into an electrical 
circuit and made to do things that formerly required a muscular re- 
sponse. In other words, we are quite rapidly approaching the point 
where, by the aid of electronics, we can perform many functions that a 
human being performs that do not actually require reasoning or judg- 
ment. Of course, this process has been going on for years to a certain 
extent. A familiar example is the automatic home heating plant. 
Here a thermostat detects the drop of temperature in the room and 
starts the oil burner operating to raise the temperature to the proper 
value at which time it is automatically turned off. Formerly, one had 
first to feel chilly and then respond physically by putting more wood 
or coal on the fire. 

Electronics is greatly extending the sensitivity and scope of even 
simple temperature-regulating systems. But more important, it is ex- 
tending our several senses to a marked degree. Examples are modern 
lie detectors, electrocardiographs and a large number of devices that 
require timing of an operation in microseconds; many orders of magni- 
tude beyond the human perception of time intervals (Fig. 5). 

This idea of a science to simulate many non-muscular human activi- 
ties is fairly new, but its ramifications and possibilities may well be 
staggering in their implications. 

There is no reason to believe, however, that electronics will perma- 
nently be a dominating science. In popular appeal, nucleonics and 
atomic energy have already stolen from electronics its prominent posi- 
tion in the public’s mind. Even technically other devices and methods 
from time to time invade fields that once were the strongholds for elec- 
tronic methods. Examples of this are devices in the semi-conductor 
field, such as crystal diodes and transistors, which threaten to displace 
small high-vacuum detecting and amplifying tubes in radio broadcast 
receivers and repeaters for wire telephony. It is true that many physi- 
cists consider this new class of device electronic, although it is a far cry 
from the older and more restricted definition. Mr. D. G. Fink, Editor 
of the publication Electronics, presented a most interesting discussion 
on this point at the 1948 National Electronics Conference in Chicago, 
speaking on the subject ‘Decline and Fall of the Free Electron.”” He 
pointed out that all sciences as they pioneered and spread their influence 
experienced other factors that changed or narrowed their scope. 

There is every reason to believe, however, that, when the JOURNAL 
celebrates it 150th year of publication, electronics will have extended 
to a wider field and will be functioning in ways in which we now little 


dream. 
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Low Voltage Electronic Flash Unit.—Better photographs at lower cost, is 
the promise of LUMAX Manufacturing Co. in announcing its new 2-way (a.c. 
and battery) low voltage electronic flash unit. 

Electronic flash is growing in popularity because it provides more than 
50,000 flashes without changing bulbs, and at practically no cost, once the 
equipment is acquired. But low voltage, the exclusive LUMAX development 
has made electronic flash a “‘must’’ in producing better pictures because its 
lengthened duration of flash makes a deeper penetration of the photographic 
film. While this has always been important in black-and-white, it is critical 
in color photography which requires ten times longer exposures. 

When electronic flash made its bow in the early '40’s it was 2500 to 4000 
volts with a flash duration of 1/20000 to 1/10000 of a second. It was huge, 
heavy and costly—definitely not portable. Today’s LUMAX units operate 
at voltages well below 500, flash duration is up to 1/125 of a second, size and 
weight are one half that of a portable typewriter, and the cost is down to $125 
for the 100/watt/second 2-way portable, and as low as $60 for 1-way plug-in 
units, with self-payment budget plans. The $125 unit is equipped for an 
additional gun and for phototube wireless synchronizing of any number 


of units. 


Fast, Precise Polarographic Analysis with New Type E Electro-Chemo- 
graph.—Designed for rapid, accurate polarographic analyses,-a new Leeds 
& Northrup Type E Electro-Chemograph features one-piece console design 
incorporating a built-in Speedomax Recorder. Exceptionally flexible and 
stable, the instrument is convenient for both research and industrial process 
control laboratories. 

Like the previous model of this L&N equipment, the Electro-Chemograph 
automatically plots diffusion current as a function of voltage. Now, however, 
the data-taking is done by a Speedomax Microampere Recorder, which provides 
greater speed of analysis and more complete detail of test results. A typical 
test run can now be made in about half the previous time. 

A full range of variation in test technique is available through a set of 
controls, all centralized on one panel. Step-by-step instructions for operation, 
testing and calibration are included on the front of the instrument. 

Choice of four degrees of damping enables the user to obtain a record that 
presents qualitative and quantitative data in the desired detail. Eleven 
current ranges cover full-scale readings of 1, 2, 3, 5, 7, 10, 15, 20, 30, 50, and 
100 microamperes. 

There are three polarizing voltage ranges: 0 to —2, —1 to —3, and +1 to 
—1volts. Tocover both anodic and cathodic polarization, any of these ranges 
can be reversed in polarity. Time to run through a polarizing range is ten 
minutes. Voltage can be adjusted to +4 mv by calibration against an in- 
tegrally-mounted standard cell. 

When it is desirable to obtain several different diffusion current curves on 
the same chart for intercomparison, the recorder zero can be readily shifted to 
separate the individual curves. 

The equipment is shielded against electrical pick-up, and is not affected by 
vibration. Normally it is supplied for a-c. operation, but it can be supplied 


for use with a battery for the polarizer. 
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APPLICATIONS OF NETWORK THEOREMS 
IN TRANSIENT ANALYSIS 


BY 
Y. P. YU! 


INTRODUCTION 


Frequently, the transient solution of a given circuit may be some- 
what simplified by the use of a suitable method of attack. Selected 
methods which have proved themselves to be most useful in simplify- 
ing the transient solutions of practical problems will be discussed in 
this paper. Attention must be called to the fact that each of these 
methods has one or more limitations which should always be strictly 
observed. Otherwise serious errors will result. A common limitation 
is that the values of all passive elements are assumed to be constant. 
In other words, we are restricted ourselves to constant resistances, 
inductances, and capacitances. Sometimes this is stated by saying 
that the passive elements are linear and bilateral. 

In this paper, considerable use will be made of Laplace transforma- 
tion.2 It is desirable, therefore, to mention a few words about this 
method. The Laplace transformation of a function F(t) is defined as: 


= = f(s); 


then the inverse Laplace transformation of f(s) is 


L“(f(s)] = 


For instance, 


Ww 


L{[sin wt] = f sin wt dt = 


and 


i otal = sin wt. 


Furthermore, the Laplace transformation of the derivative of function 


F(t) is 
L[F'(t)] = sf(s) — FO+) 
where F(0+) denotes the value of the function F(t) at the instant 


1 Formerly Associate Professor, Electrical Engineering Department, North Dakota State 
College, Fargo, N. D.; at present Senior Engineer, Instrument Div., A. B. Dumont Lab., Inc., 
Clifton, N. J. 

2 Detailed discussions of Laplace transformation may be found in many standard text- 
books, for example: R. V. Churchill, ‘‘Modern Operational Mathematics in Engineering,” 
New York, McGraw-Hill, 1944; Gardner and Barnes, ‘‘Transients in Linear Systems,’’ John 
Wiley & Sons, Inc., New York, 1942. 
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immediately after ¢ = 0. It is also important to know the Laplace 
transformation of the integration of function F(t) which is 
1 
f = L[F()] = fe 


where 


= 


APPLICATION OF EQUIVALENT CURRENT GENERATOR THEOREM 


Frequently, the node method of solution can be advantageously 
employed in analyzing transient phenomena of electric circuits. The 
node method which has been discussed in almost every text book con- 
cerning electric circuits is essentially a direct application of Kirchhoff’s 
current law, which states that the algebraic sum of all currents directed 
toward a node or junction, is zero. Current generators are obviously 


+ 
(a) (b) 


Fic. 1. Conversion of a voltage generator and its series capacitance. 


convenient to handle whenever the node method is employed. A state- 
ment governing the conversion of a given network into an equivalent 
network containing a simple current generator shunted with an im- 
pedance may be generalized from Norton’s theorem and is stated as 
follows: 

A network of generators and passive elements having two terminals 
is equivalent in its external characteristics to a simple constant-current 
generator whose generated current is equal to the shori-circuit current 
between the two terminals of the original network and whose shunting 
impedance has both its transient expression and initial conditions iden- 
tical to the impedance ‘‘looking back’”’ into the two terminals of the 
original network, measured with all voltage generators (exclusive of 
internal series impedance) short-circuited and all current generators 
(exclusive of internal shunt impedance) open circuited. 

The above statement may be somewhat clarified by analyzing the 
following simple cases: 
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Case I 


The conversion of the network to left of terminals 1-2 of Fig. 1(a), 
which contains a voltage generator in series with a'condenser C having 
initial charge g(0+), will be demonstrated in this case. The short 
circuit current ¢ between terminals 1-2 of Fig. 1(@) may be determined 
from the following equation: 


1 f 
= tdt. (1) 
From Eq. 1, the Laplace transform of 7* is found equal to 


= Cse(s). (2) 


The current generator of the equivalent circuit shown in Fig. 1(d) will 
therefore have the Laplace transform of its current equal to Cse(s). 


i(o+) 


(a) (b) 


Fic. 2. Conversion of voltage generator and its series inductance. 


In order to have the same direction of flow for the short-circuit currents 
in both networks, the top terminal of the current generator of Fig. 1(0) 
is assigned to be positive. The impedance looking back into terminals 
1-2 is represented by condenser C with an initial charge of g(0+). 
The polarity of the initial charge g(0+-) in Fig. 1(d) is determined from 
the original circuit. If the constant-voltage generator of Fig. 1(a) is 
short-circuited, a discharge current will flow out from terminal 2 to 
impedance Z. Similarly, if the constant-current generator of Fig. 2(d) 
is open-circuited, an equal discharge current should flow out from 
terminal 2 to impedance Z. Therefore the lower plate of condenser C 
in Fig. 1(b) is positive as far as the initial condition is concerned. 


* It is noted that a constant is not the Laplace transform of any actual function. Instead 
it is the limit of the transform of a step function which is zero except when ¢ = 0 at which 
the function is infinite. Such a function is called Dirac delta function. In case that a 
battery with potential E is employed for the voltage generator of Fig. 1(a), Eq. 2 becomes 


s(s) = CS (2) = CE. Here CE, a constant, is the limit of the transform of a step function 7 


which is zero except when ¢ = 0, the switch is being closed, at this instant the current 7 is infinite. 
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Case II 


Let the network to the left of terminals 1-2 of Fig. 2(a) have a 
voltage generator and an inductance coil in series. The initial current 
of the inductance coil is 7(0+). Then the equivalent constant-current 
generator will have its current equal to 


i=zfrea. (3) 
The Laplace transform of 7 is 


i(s) = (4) 
The polarity of 7, shown in Fig. 2(b), should be identical to that of the 
short-circuit current between terminals 1-2 of the original circuit. The 
shunting impedance is represented by Z with an initial current 7(0+). 


Ww 


(b) 


Fic. 3. Illustrating the conversion of a sinusoidal voltage generator into a current generator. 
e = Ensin wt = 100 sin 377t, L; = 0.1h, Le = 0.2h, Ls; = 0.3h, R = 100 ohms. 


The polarity of 7(0+) is determined in a manner similar to that of the 
initial charge g(0+) of Fig. 1(6). Since the initial current 7(0+) of 
Fig. 2(a) flows inward from terminal 1 when its voltage. generator is 
short-circuited, there should be an initial current of equal magnitude 
and polarity flowing from terminal 1 of Fig. 2(6) when its current gen- 
erator is open-circuited. Thus 7(0+) is assigned to flow downward in 
Fig. 2(0). 

To illustrate the application of this conversion method the following 
numerical examples are introduced: 


Example 1 


Consider a network of inductances and resistances that is energized 
by an alternating potential. At ¢ = 0 a switching operation is per- 
formed that will suddenly alter the parameters of the circuit. Figure 
3(a) is the schematic diagram of this circuit in which switch S is as- 
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sumed to be closed at ¢ = 0. Find the voltage across LZ; at ¢ = 0.001 
second. 


Solution: 
The short-circuit current between points 1-2, by Eq. 4: 


E,w 
The impedance looking back into terminals 1-2 is represented by L, 
with initial current 7,(0+). Both 7,(0+) and 7.(0+) can be determined 
from Fig. 3(a). Before ¢ = 0 the voltage generator e is shunted by a 
steady-state impedance Z which is 


jwL.R 
R+ jul, 
The current flowing through J; is e/Z, from which we can find 2(0+) 
— 0.993 amp. by setting ¢ = 0. The current flowing through Ly is 


ikem Setting ¢ = 0, we can find 2,(0+) = — 0.835 amp. The 
negative signs of these two initial currents indicate that they are flowing 
inward to the upper terminal of voltage generator e. Since 7,(0+) of 
Fig. 3(a) flows away from terminal 1, 7,(0+) of Fig. 3(6) should flow 
downward through L;._ By assuming v to be the voltage on Zs, current 
equilibrium with switch S closed may be expressed as 


The Laplace transform of Eq. 6 is 


. 10 as 


= 


Z = jwl, + = 36.3 + j85.5. 


where the boundary values v~!(0+)/Zy, and v~1(0+)/Zs; are 
initial currents in coils Z;, Lz, and L3, respectively. Figure 3() indi- 
cates that: (1) the direction of positive current is assumed to be down- 
ward; (2) the initial current v~'(0+)/Z; flows downward; and (3) the 
initial current flows upward. Therefore we have v'(0+)/Zi 
= + 0.993 and v-1(0+)/L. = — 0.833. Obviously v-1(0+)/Z; should 
be zero. Using the numerical values, the solution of Eq. 7 gives 


10°[z(s) — 0.158] 
s + 1833 . (8) 


v(s) = 


Substitute Eq. 5 for z(s), 


10°w 
(2 + w)(s + 1833) 5 + 1833" 


: 
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With the aid of equations developed by the use of Laplace transforms, 
the expression for v can be found as 
v = 53.5[sin (wt — 11.6°) + sin 11.6° — 15, 8——1833¢, 


Finally, with ¢ = 0.001, the voltage across L; is 8.47 volts. 


Example 2 


Assume that the current in the circuit of Fig. 4(a), prior to the 
closing of switch S, has reached its steady value. Switch S is closed 


iL(o+)—= 


R 
AAAA, 
pAAAAL 


+ 


eo lot) 


Fic. 4. The conversion of a complex circuit into a simple one-node circuit. E, = 100, 
E, = 150, L = 1h, = C2 = 10 uf, Ri = R2 = R; = 1000 ohms, Ry = 50 ohms. 


att = (0. Find an expression for the voltage across R, after the switch- 
ing action. 


Solution: 

By observing the circuit of Fig. 4(@), the short-circuit current 7 
between terminals 1-2 is found to be the sum of the currents in Z;, Rj, 
R2, and C;, with R; shorted. By Eqs. 2 and 4, we can express the 
Laplace transform of 7 as 


The impedance looking back into the network at terminals 1—2 with FE; 
and £&, short-circuited is a parallel combination of R3, Ci, C2, Re, Ri, 
and L;. The equivalent circuit is shown in Fig. 4(0). Initial currents 
and voltages are determined by analyzing the steady-state conditions 
of the original circuit with switch S open, that givesz,(0+) = 0.05 amp., 
ea(O+) = 50V, and ec(0+) = 100V. The polarities of these values 
are indicated in Fig. 4(a@). Since 7,(0+) of Fig. 4(a) flows toward 
terminal 1, 7,(0+) should flow upward in Fig. 4(b). Voltage ec:(0+) 
sets terminal 1 negative with respect to terminal 2 in Fig. 4(a); thus the 
upper plate of C; is initially negative in Fig. 4(b). The equation for 
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current equilibrium of Fig. 4() after the close of switch S is 


V 


where V is the voltage across Ry. Transforming Eq. 11, 


+294 came) +22. 


The initial current in coil L, namely v~1(0+)/Z, is equal to — 0.05 amp. 
The negative sign is given because it is directed upward, in opposite 
with the assigned positive voltage direction. Conversely, ec:(0+) 
should be equal to + 100 volts. Using numerical values, a simple 
expression for v(s) can be found. 
10?(s? + 150s + 50000) 
: 13 
= 45.5)(s + 1103) 
With the aid of an equation developed by the use of Laplace transforms, 
the inverse transform of Eq. 13 becomes 


= 100 — 94.3445 + 94, 18", 


It is interesting to note the simplicity contributed by employing 
equivalent current generators in analyzing the above examples. 


APPLICATION OF THEVENIN’S THEOREM 


Thevenin’s theorem is one of the most useful tools in circuit analysis. 
Although the original statement of this theorem was written for use in 
steady-state direct-current circuits, its suitability extends to alternating 
current circuits and transient conditions. A generalized statement of 
Thevenin’s theorem may read as follows: 

A network of generators and passive elements having two terminals 
is equivalent in its external characteristics to a simple constant-voltage 
generator whose generated voltage is equal to the open-circuit voltage 
between the two terminals of the original network and whose series 
impedance has both its transient expression and initial conditions iden- 
tical to the impedance ‘‘looking back’’ into the two terminals of the 
original network, measured with all voltage generators (exclusive of 
internal series impedances) short-circuited and all current generators 
(exclusive of internal shunt impedances) open-circuited. 

The theorem of the preceding section is very similar in every respect 
to the present one with an exception that the former results in a current 
generator and an impedance in parallel while the latter results in a 
voltage generator with the same impedance in series. For this reason, 
further description of the conversion details seems unnecessary. 


388 Yo 
Example 3 


The circuit shown in Fig. 5(a) contains a battery E and the two 
current generators 7; and 7. Before the closing of switch S, the circuit 


(b) 
Fic. 5. Illustrating the application of Thevenin’s theorem. % = 1 sin wt, i2 = 0.5 sin wt, 
E= 100, R = R, = R; = R; = 100 ohms, R, = 200 ohms, L = L, = Ls = Ly = 0.1h, 
C = 10 uf, w = 377. 


is in its steady state condition. Att = 0, switch Sis closed. Find the 
current in coil L, at ¢ = 0.001 sec. 


Solution: 


To simplify calculations on this circuit, Thevenin’s theorem may be 
used to replace the part of the circuit to the left of terminals 1-2. The 
open-circuit voltage e at these two terminals is the sum of battery 
voltage E, voltage drop across R;L; which is zero, voltage drop across 
R2L, due? to the flow of %, and voltage drop across RC due‘ to the flow 


t 
?Let ez: be the voltage drop across L2, we have 2 = i: Applying Laplace 


transform to this equation gives i2(s) = eze(s)/sI2 or ez2(s) = Lesia(s). Also see Eq. 4. 


t 
4 Let e. be the voltage drop on c, then = (4; + i2)dt. Transforming this equation, 
we have e.(s) = [ii(s) + i2(s)]/sc. Also see Eq. 2. 
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of both 7, and %. Therefore, we have 


o(s) = + Rails) + Lasi(s) + RLA(s) ]+ (14) 


The impedance looking back into terminals 1-2 with all current gen- 
erators open-circuited and all voltage generators short-circuited is a 
series combination of R3, Ls, Re, Le, R, and C. The equivalent circuit 
is drawn in Fig. 5(6)._ Before the switching operation, the current in 
Ly is t%2 which is 1 sin wt and the voltage across C is (4 + %)/jwe which 
is 398 sin (wt — 90°). Therefore, at = 04+, = O and en(0+) 
= — 398 volts. With this information the polarities of initial values 
are given in both Figs. 5(a) and 5(d). 
The transformed voltage equation for the circuit of Fig. 5(d) is 

e(s) = + Rails) + Lesils) Li(0+) 

+ R;i(s) + Lgsi(s) — Lsi(O+) + Lysi(s) — La(O+) + Rat(s). (15) 
The term 7-1(0+)/C is the initial voltage on condenser C and equals 
+ 398 volts. The positive sign is used because 7 flows in the direction 
of increasing this initial potential. Except this term, all other initial 
values are zero. Employing numerical values, we can find: 


s? — 361s — 54300 
(s? + w*)(s + 233)(s + 1433) ]° 


Using a Laplace transform equation, the inverse transform of Eq. 16 
becomes 
= — + 0.84 sin (wt — 38.5°), 


giving 7 = 0.301 amp. when ¢ = 0.001 second. 

In using both the equivalent current generator theorem and the 
Thevenin’s theorem, attention must be paid to an important limitation 
which has been mentioned before and is reiterated here. An equiva- 
lent circuit obtained by using either of these methods cannot be em- 
ployed to calculate either the steady-state or the transient voltage- 
current relations inside of the portion of the circuit already converted. 


(16) 


i(s) = — s70| 


APPLICATION OF COMPENSATION THEOREM 


In general, it is advantageous to analyze.a series circuit with the 
loop method, and a parallel circuit with the node method. However, 
experience has shown that complexity would increase in using either of 
these two methods to attack a predominantly series circuit which con- 
tains one or more simple parallel branches, or to attack a predominantly 
parallel circuit which contains one or more simple series branches. 
This complexity that is due mainly to the lengthy and awkward mathe- 
matical expressions may be greatly reduced by using the compensation 


if 
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theorem, which is generalized to suit applications in transient conditions 
as follows: 

Any passive element or combination of passive elements—connected 
in series, parallel, or series-parallel—in a network may be replaced by: 
(1) a simple voltage generator of zero series impedance whose generated 
voltage is equal in every respect to the voltage developed across the 
replaced elements of the original network; or (2) a simple current gen- 
erator of infinite shunting impedance whose generated current is equal 
in every respect to the current flowing through the replaced elements 
of the original network. 

Obviously, it is advantageous to adopt the first equivalent for the 
loop method of solution, and the second equivalent for the node method 
of solution. The technical questions involved may be made a little 
clearer by the discussion of the following cases. 


Case I 


In the network of Fig. 6(a@), a current 7 is assumed to flow through 

+ 


@ 


(a) (b) 

Fic. 6. The establishment of equivalent voltage generator by Compensation theorem. 
the parallel combination of R, C, and L. Let it be required to replace 
this parallel combination with an equivalent voltage generator. If the 
unknown voltage developed across these parallel elements is represented 
by the symbol e, we have 


e dt. (17) 
Transforming Eq. 17 
ZO) e(s) 
i(s) = R + C[se(s) — ec(O+)] + (18) 
where e¢(0+) is the initial voltage across condenser C and e,~1(0+) is 


the integral of the initial voltage across L. To evaluate these initial 
values, it is sometimes convenient to consider the term Cec(0+) as the 


initial charge stored in C and the term z° t 4(0+) as the initial current 
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flowing through LZ. Solution of Eq. 18 gives 


_ RLsi(s) + RCLsec(O0+) — Rex(0+) 


RCLs?+Ls +R (19) 


as the Laplace transform of the generated voltage of the equivalent 
generator in Fig. 6(b). Finally, the top terminal of the equivalent 
generator is assigned to be positive, making the generated voltage 
equal in every respect to the voltage drop across the RCL combination 
of the original network. 

The truth of this theorem is readily seen from the standpoint of 
Kirchhoff's voltage law. The voltage equations, summing up all po- 
tential differences in the network, will not be altered when the potential 
difference between terminals 1-2 of the equivalent network (Fig. 6(d)) 
is equal in every respect to that of the original network. Therefore, 
the use of the equivalent voltage generator makes no electrical difference 
anywhere in the entire network. 


Case 2 


In the network of Fig. 7(a), the voltage developed across the series 
combination of R, C, and L is assumed to be e. It is desired to replace 


+ 


--- © ----! 


(a) (b) 

Fic. 7. The establishment of equivalent current generator by Compensation theorem. 
this series combination by an equivalent current generator. Let 7 be 
the current flowing through these elements. 

f di 
20 
Cc dt 


The Laplace transform of Eq. 20 is 


SC 


where 7,(0+) is the initial current through Z and t¢~1(0+) is the 
integral of initial current through C. The term 7¢~!1(0+) may also be 
considered as the initial charge stored in condenser C. Solving Eq. 21 
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we have 
Cse(s) — (0+) + CLsi1(0+) 


as the Laplace transform of the generated current of the equivalent 
current generator in Fig. 7(6). The polarity is so assigned that the 
currents of both the original and the equivalent networks will be in the 
same direction. 

The identity of these two figures may be proved by employing 
Kirchhoff’s current law. The current equations, summing up all the 
branch currents in the network, will not be altered if the current flowing 
through terminals 1—2 of the equivalent network (Fig. 7(b)) is equal in 
every respect to that of the original network. Thus the replacement 
cannot affect the electrical phenomena anywhere in the entire network. 

It is noted that this theorem applies even though the passive ele- 
ments may neither be linear nor bilateral, because the replacement does 
not involve any variation in either potential or current anywhere in the 


network. 


Example 4 


In this example the use of equivalent current generator is con- 
sidered. Jn Fig. 8(a), the current generator produces an alternating 
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Fic. 8. Simplification by means of equivalent current generator. J = 10 cos 377t, 
Ri = R2 = 100 ohms, GM = C2 = 100 uf. 


current 10 cos 377t amps. Assume that both condensers have zero 


charge prior to the switching action. 
Find the instantaneous voltage developed across condenser C; at 


0.01 second after the opening of switch S. 


Solution: 

Employing Eq. 22, the generated current 7 of the equivalent current 
generator for R, and C2. may be found. Substitution of 7~'(0+) = 0, 
L =0, C = C2, and R = R; into Eq. 22 gives 
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where e(s) is the Laplace transform of the voltage developed across the 
passive elements R; and C;. The expression for current equilibrium of 


the circuit of Fig. 8(0) is 


Ks) = + Ci[se(s) — e(0+)] + as), (24) 


where e(0+) is the initial voltage across C; and equal to zero in the 
present case. Substituting Eq. 23 for z(s), we have 


I(s)Ri(1 + R2C2s) 
e(s) (1 RiCs)(1 R2C25) 4- (25) 


Using numerical values, the expression for e(s) becomes 


10°s(100 + s) 
es) = 3779 (6 + 202)(s + 38) (26) 


The inverse transform of Eq. 26 is 
e = 224 sin (377t + 25.7°) — 89.3678! — 7.326 (27) 
Therefore the voltage across C; will be — 208.5 volts at ¢ = 0.01 second. 


APPLICATION OF SUPERPOSITION THEOREM 


To suit applications in transient conditions, the statement of super- 


position theorem may be generalized to read as follows: 

In a network containing two or more generators, the instantaneous 
current flowing at any point is equal to the sum of (1) the instantaneous 
current at this point due solely to the redistribution of initial energy 
stored in the network with all generators replaced by their respective 
internal impedances and (2) the instantaneous currents flowing at the 
same point caused by each generator acting separately with all other 
generators replaced by their respective internal impedances and the 
initial stored energy disregarded. 

This theorem is also'true when potentials instead of currents are 
employed for consideration. 

Obviously, this theorem is based upon the linear characteristics of 
the passive elements. When the values of all passive elements in a 
network are independent of the amount of current through themselves, 
superposing a second current by an additional generator will not affect 
the first current which has already been flowing in the network, and 
vice versa. 


Example 5 


Square pulses, that have been used extensively for testing the fre- 
quency response of electric circuits, provide good examples for the 
application of superposition theorem since a square pulse may be de- 
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Fic. 9(e). Decomposition of the square pulse e. 


composed into a number of components. In Fig. 9(@), the charge on 
C; has reached its steady-state value before ¢ = 0, at which switch S is 
closed. Find an expression for the voltage developed across R after 
t= 0. 


Solution: 


Before t = 0, the voltage on C; is zero and on C; is 10 volts. After 
t = 0, the voltage developed across R due to the redistribution of the 
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energy stored in C:, Va, may be determined by using Fig. 9(b). This 
equivalent circuit is obtained from Fig. 9(a) with all voltage generators 
short-circuited since they are assumed to have zero internal impedances. 


— 10 — 5,—5X103¢ 
RG + G) 
The response at R caused by the 10-volt battery can be found by using 


Fig. 9(c), which is obtained from Fig. 9(a@) with the pulse generator 
short-circuited and the initial energy disregarded. 


ty = — 


Va(s) = 


Finally, the pulse generator is taken into consideration by using Fig. 
9(d). Decomposition of the square pulse gives the following compo- 
nents. The first starts at t = 0 with amplitude equal to + 8 volts, 
the second starts at ¢ = ¢t) with amplitude equal to — 8 volts, the third 
starts at ¢ = 2t) with amplitude equal to + 8 volts, etc., see Fig. 9(e). 
For the sake of calculation we may assume that the input square pulse 
is produced by a number of generators connected in series, and each of 
these generators produces one of the above mentioned components. 
Then the superposition theorem may be applied to analyze the circuit. 
The response at R; due to the various components of the input square 
pulse may be found by using the “operational impedance’’ method 
that will be discussed in the Appendix. 
Due to Ist component 


Vey = 


Due to 2nd component 
Veg = — 5X108( 


Due to 3rd component 


Veg = 


Due to mth component 


Ven = (— 1) 5X10 


where 1 is an integer and equal ton = (t — t’)/ty, where 0 < < 
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Summation of the above equations gives: 


n 
| 


1 — _5X10%nty 


—5X108nt 
1 + 


= n is even. 


= 4 . nis odd 


Therefore the total voltage appearing across R is 


1 — ¢5X10%nt, 


5X103 nto 
15) nis odd. 


APPENDIX 
OPERATIONAL IMPEDANCE METHOD 


It is known that two or more independent equations must be solved 
simultaneously in analyzing a series-parallel circuit. The number of 
independent equations usually equals the number of meshes in the cir- 
cuit diagram. Thus in analyzing a circuit containing four or more 
meshes, four or more simultaneous equations are required to be solved. 


Fic. 10(a). Series RCL circuit used in connection with the ‘operational impedance” method. 


This mathematical complexity may be eliminated by the use of the 
“operational impedance” method described here, which is essentially 
a variant of the ‘‘steady-state impedance” method used in elementary 
alternating-current theory. However, many new difficulties will arise 
if the circuit to be analyzed is initially active. For this reason, the use 
of the ‘operational impedance”’ method will be restricted here to those 
circuits which are initially at rest. 
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In the one-loop RCL circuit shown in Fig. 10(a) the switch is closed 


at t= 0. Initially, the circuit contains no stored energy. The un- 
known current i(s) may be found as 


(28) 


where Z(s) = R+ - + sL is the total operational impedance of the 


circuit. The second case to be considered is the one-node circuit of 
Fig. 10(b); the opening of switch S at ¢ = 0 allows a known current 


| 


Fic. 10(b).  Pasallel RCL circuit used in connection with the ‘‘operational impedance” method. 


i(s) to flow to the RCL parallel circuit. The initial voltage across C 
and the initial current through L are both zero. The unknown voltage 
may be determined as 


e(s) = 2u(s) Y(s), (29) 


1 


where Y(s) = R +sC + + is the total operational admittance of the 


circuit. 
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THE MINIMOTION TYPEWRITER KEYBOARD* 


BY 
ROY T. GRIFFITH ! 


SYNOPSIS 

This paper first points out the defects of the typewriter keyboard now in general 
use, then describes the design of a keyboard that overcomes these defects and is 
claimed to afford the greatest attainable ease in writing average English. This is 
accomplished by determining the optimum key assignments to minimize hard motions 
(and maximize easy motions), whence the apt name ‘‘MINIMOTION.” 

The present paper concludes with a discussion of the outlook for general adoption 
of the MINIMOTION keyboard. 

Appendices present statistical tabulations of the usage of single and adjacent 
letters in average English, convenient terminology for analyzing typewriter keyboards 
in respect to the motions required to write average English, and the comparative 
results of analyzing several keyboards. These appendices provide sufficient infor- 
mation that the basic statistics and the analysis methods can be applied to any 


keyboard. 

1. INTRODUCTION 

The typewriter ranks with the telegraph and the telephone as a 
medium of commercial communication; as a business machine it ranks 
with the cash register. Taking a broader view, nearly all the activities 
of the modern world are directed and recorded by typewriting. The 
numbers of typewriters in use run into the millions, but more im- 
pressive than large numbers is the thought that nearly everything we 
read: letters, newspapers, magazines, books—whatever the final form— 
was once typewritten. 

The typewriter produces words one letter at'a time, but in such a 
rapid succession that an observer’s eye cannot follow the keyboard 
manipulation. Nevertheless, the operator must direct the motions of 
the fingers from key to key between each stroke. These motions are 
easy or hard, depending on the locations of the letters on the keyboard 
in relation to the adjacencies of the letters in the words being type- 
written. 

The motions required to operate so important a machine warrant 
the thorough study reported in this paper. 


2. PREVALENCE OF THE QWERT YUIOP KEYBOARD 


Nearly all the typewriters now in service have a keyboard bearing 
the letters of the alphabet arranged as shown in Fig. 1. Conveniently, 


* Patent applied for. 
1 Deceased. Formerly, Assistant Engineer in Charge of Transmission, Western Area, 
Bell Telephone Company of Pennsylvania, Pittsburgh, Pa. 
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the top row of letters spells a distinctive and pronouncable name for 
this keyboard: QWERT YUIOP (kwert-you-ee-opp). 

Amazingly, the QWERT YUIOP keyboard of Fig. 1 is almost 
identical to the keyboard that was devised about 1872 (1)? and used 
on the first commercial typewriter. The original keyboard seems to 
have survived the early years of typewriter development largely be- 
cause the pioneer typewriter manufacturer continued to use it while 
attaining leadership of the new industry. At any rate, the early 
manufacturers who introduced other keyboards were relatively un- 
successful. By about 1900 the QWERT YUIOP keyboard had be- 
come the generally accepted standard, and the ‘‘touch system”’ of 
operating was steadily gaining acceptance. Since then practically all 
the typewriters have been made by a few large manufacturers who 
have never used any but the QWERT YUIOP keyboard. From time 
to time during these years various ‘‘improved’’ keyboards have been 
proposed, but most of these have been hardly noticed, and none has 


23456 7890- 
WERT YUIOPS 


9 e 
Fig. 1. The QWERT YUIOP Keyboard. The boxes enclose the ten keys that comprise 
the left and right halves of “‘Home Row.” The two keys marked 6 have little usage. 


attained important acceptance. Accordingly, the peculiar QWERT 
YUIOP arrangement has become the very alphabet of the typewriter, 
and a machine having a different keyboard is quite a curiosity. 

Generation after generation of operators has learned to use the 
QWERT YUIOP keyboard with good speed and accuracy by “touch” 
alone, with only occasional glances at the keyboard. The skill com- 
monly acquired is such that a competent operator appears to manipulate 
the keyboard with almost effortless ease. 

So the QWERT YUIOP keyboard is as old as the typewriter. It 
has resisted change for more than 70 years, and it seems to be easy to 
use. These explain the common presumption that this venerable key- 
board must have inherent merit, however obscure. Nevertheless, the 
QWERT YUIOP keyboard has defects that begin to appear as soon 
as it is examined critically; finally, the most thorough-going analysis 
fails to reveal any adaptation to writing English easily. 

This paper now proceeds to explain the defects of the QWERT 
YUIOP keyboard and describe how the MINIMOTION keyboard has 


been designed to avoid these defects. 
3. DEFECTS OF THE QWERT YUIOP KEYBOARD 


Five defects of the QWERT YUIOP keyboard are stated and 
explained below, each in contrast to the possible attainments of a well 


2 The boldface numbers in parentheses refer to the references appended to this paper. 
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designed keyboard. The statistical percentages apply when writing 
“average English’’ (see Part 6) with conventional fingering (see Part 
7); the illustrative words are to be tried on a QWERT YUIOP key- 
board. 


First Defect 


On the QWERT YUIOP keyboard 48 per cent of the motions to 
re-position the fingers laterally between consecutive strokes are one- 
handed motions rather than the easier two-handed motions; on a well 
designed keyboard one-handed motions can be reduced to 33 per cent, 
making 67 per cent of the motions two-handed. 

One-handed motions are harder than two-handed motions because 
they afford little opportunity for overlap and anticipation—it is hard 
to beat a drum rapidly with one stick. A French student of type- 
writing motions found that one-handed motions consume, on the 
average, 73 per cent more time than two-handed motions (10). So 
dfdfdfdf or jkjkjkjk, done with adjacent fingers of one hand, are harder 
to execute rapidly than dkdkdkdk, which is done two-handed. The 
words addressed, federated, and kiln, written entirely with one-handed 
motions, contrast with sicken, which is done entirely two-handed. 


Second Defect 


The QWERT YUIOP keyboard requires Reaches from Home Row 
for 68 per cent of the strokes; on a well designed keyboard these reaches 
can be reduced to 29 per cent, putting 71 per cent of the strokes in 
Home Row. (This ‘‘Home Row,” indicated on Fig. 1, contains the 
“reference keys”’ of the ‘‘touch system”’ of typewriting, as exp!ained 
in part 7 and as diagrammed in Appendix 1.) 

In the Home Row of the QWERT YUIOP keyboard only A, S, H, 
and Z rank among the ten most common letters; moreover, the un- 
important letters J and K are under the most agile fingers of the right 
hand. 

The easiest motions of typewriting are two-handed motions without 
reaches from Home Row, like dkdkdkdk. On the QWERT YUIOP key- 
board such motions are only 4 per cent and half seems to be the only 
common word that can be written entirely with them; on a well de- 
signed keyboard the two-handed motions without reaches can be 
raised to 34 per cent, and whole sentences can be written with them. 


Third Defect 


The hardest motions of typewriting are one-handed motions with 
hurdles over Home Row (or over the row next above). An extreme 
example of hurdles is the word minimum; other awkward words includ- 
ing several hurdles are pumpkin and execrate. On the QWERT 
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YUIOP keyboard 11 per cent of the motions are hurdles; on a well 
designed keyboard hurdles can be reduced to 1 per cent. (Use of the 
apt term hurdle in this connection seems to be due to Dvorak and his 


collaborators, (18). 


Fourth Defect 


The QWERT YUIOP keyboard overloads the left hand with 56 per 
cent of the total strokes; a well designed keyboard has the left hand 
carry somewhat less than half of the stroking load. 


Fifth Defect 


The QWERT YUIOP keyboard requires many awkward fingerings 
of one-handed motions yet loads the fingers inequitably. 

Obviously all typewriter keyboards require repeat strokes on the 
same key to type double letters (as in the work reef). However a well 
designed keyboard should minimize consecutive strokes on different 
keys done by the same finger (as in parted). These same-finger finger- 
ings are S and A because they permit no overlap or anticipation, hence 
are slow and awkward, like a pianist trying to do a “‘trill’’ with one 
finger. They are specially awkward if they involve a hurdle (as in 
secede). Consecutive strokes that must be done one-handed are some- 
what easier if done by adjacent fingers or by remote fingers, which permit 
some overlap though much less than two-handed motion. (The word 
treated illustrates a variety of fingerings of one-handed motions.) 

On the QWERT YUIOP keyboard about 7 per cent of all the 
motions are consecutive strokes on different keys done by the same 
finger, between many of these are hurdles, and several fingers are 
heavily overloaded; on a well designed keyboard the same-finger finger- 
ings are reduced to about 4 per cent, the same-finger hurdles are almost 
entirely eliminated, and yet the individual fingers are loaded equitably. 


4. ORIGIN OF THE QWERT YUIOP KEYBOARD 


The foregoing exposition of the defects of the QWERT YUIOP 
keyboard calls for an explanation of the origin of the peculiar arrange- 
ment of the letters. The origin is obscure and the historians disagree. 
One writer who considers that the arrangement is not alphabetical says 
also that it is ‘‘nothing like the arrangement of the type in the printer’s 
case (8); another says confidently that the keyboard “follows the idea 
of the printer's type case”’ (20). At least three writers (8,18,19) repeat 
a story that has become traditional: They say that the keyboard was 
designed to minimize the possibility of conflicting type-bars by keeping 
well separated those often used on consecutive strokes. This has been 
accepted without challenge for many years probably because it is 
plausible and not easy to refute. 
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The story about the conflicting type-bars is plausible in view of 
the early mechanical difficulties, but it does not stand up under sta- 
tistical examination. First defining ‘‘close’’ type-bars as any two 
having not more than four others intervening on consecutive strokes, 
application of the statistics of average English reveals that the QWERT 
YUIOP keyboard actually uses more ‘‘close type-bars (26 per cent) 
Alphabetical- 

AB Printer's lower case 


COEFG 
Cc 


MIN 


UTT 


Spread horizontally- 

A B 
C DEF G JK LM Collected vertically- 

N 0 P 

R JK LM 

zc Xx VB 


Pre-production 


First Production 


Centennial 


Shift key 


than the RANDOM ? keyboard (22 per cent) and many more than the 
MINIMOTION keyboard (14 per cent) as described in Part 8. If the 
QWERT YUIOP keyboard really had been designed to minimize 
“‘close’’ type-bars, it would certainly have had fewer than the RAN- 
DOM keyboard; also it would probably have had fewer one-handed 


3 Described in Part 8. 
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motions, which would have made it an easier keyboard to use. But 
if the origin of the QWERT YUIOP keyboard was merely alphabetical, 
that would not adapt it to write average English easily. Nevertheless, 
the QWERT YUIOP keyboard does retain vestiges of an alphabetical 
origin. Figure 2 shows how the letters might have been laid out in 
eight alphabetical rows, then spread horizontally, finally collected into 
three rows to yield the 1872 keyboard (1). If this explanation is not 
convincing, at least none better has appeared. Figure 2 shows also 
the slightly modified keyboards of 1874, 1876, and 1878. The diagram 
of the printer’s type case is presented to facilitate comparisons. 


5. DESIGN OBJECTIVE OF THE MINIMOTION KEYBOARD 


The general design objective of the MINIMOTION keyboard is to 
determine the optimum arrangement of the letters for writing average 
English with the greatest possible ease. This objective is desirable in 
view of the tremendous amount of human effort expended in type- 
writing. Attainment of this objective is difficult because the character- 
istics of average English are expressible only in statistical form. The 
most compact tabulation of these statistics adequate for use in type- 
writer keyboard design includes about 500 items. Then, as no key- 
board arrangement can possibly conform to all the statistical indications, 
the optimum is necessarily a careful compromise among conflicting 
specific objectives. Nevertheless the MINIMOTION keyboard is 
claimed to attain the optimum compromise of compliance with the 
statistics of average English. 

The five specific design objectives of the MINIMOTION keyboard 
are, each for each, the minimization of the five defects of the QWERT 
YUIOP keyboard described in Part 3: 


1. First objective—To minimize one-handed motions. 

2. Second objective—To minimize reaches from Home Row, and 
to maximize two-handed motions in Home Row. 

3. Third objective—To minimize hurdles. 

4. Fourth objective—To divide the stroking load equitably between 
the hands. 

5. Fifth objective—To minimize awkward fingerings of one-handed 
motions, yet load the fingers equitably. 


6. AVERAGE ENGLISH, STROKES, AND MOTIONS 


As typewriters are used to write all kinds of material, the most 
appropriate basis for keyboard design and analysis is the performance 
when writing average English, comprised of the normal proportions of 
all kinds of material. 

A truly representative sample of average English must contain at 
least 100,000 running words, so the sample is unwieldy until it is 
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reduced to statistical form. This is accomplished by first analyzing the 
sample for the statistical usage of words, then analyzing the words for 
the statistical usage of single letters and adjacent letters. These 
analyses must meet particular requirements to yield statistics suitable 
for application to typewriter keyboard design. 

First, the statistics must consider not only /etters, but also punc- 
tuation marks and numerals—indeed, the major punctuation marks have 
much higher usage than some letters. A convenient terminology de- 
fines strokes as the typewriter key operations that mark the paper, thus 
including punctuation marks and numerals, but excluding the hori- 
zontal spaces that are inserted between words by operating the letter 
space bar. Then, taking the number of strokes as the measure of the 
quantity of typewriting disregards the spaces—properly enough, be- 
cause the spaces are inserted with negligible effort, and with no appre- 
ciable disturbance of the fingers, by either of two agile thumbs that 
are otherwise idle. 

Second, the statistics must consider the usage of consecutive strokes 
in pairs, conveniently termed adjacencies, because these determine the 
motions required to re-position the fingers laterally between consecutive 
strokes. Directing the execution of these (lateral) motions is really 
the brain work of typewriting, while the (vertical) strokes involve 
merely physical effort. This is evident upon consideration that a 
motorized typewriter almost entirely eliminates the physical effort of 
strokes but leaves unchanged the mental effort of directing motions. 
Nevertheless this mental effort can be reduced by designing the key- 
board in relation to the usage of adjacencies in average English. Fur- 
ther consideration makes clear that the motion to re-position the 
fingers between any pair of strokes is independent of the relative 
temporal order of the two strokes; also that the disregarding of spaces 
makes the final letter of each word adjacent to the initial letter of the 
next word (or to a punctuation mark), thus creating adjacencies 
between words that are treated just like the adjacencies within words. 

In the lack of any statistical information satisfying these particular 
requirements, the author made a statistical study based on a carefully 
compounded sample containing 107,000 running words involving 
510,000 strokes and motions. This study determines, for average 
English, with customary USA spelling, the usages per 510,000 strokes 
of 37 individual characters and 544 adjacencies of these characters. 
The final results of this statistical study are attached to the present 
paper as appendices, described as follows: 

r* “Appenaix 8 presents the single and adjacent usages per 510,000 
strokes for 37 typewriting characters (strokes). These usages are 
arranged in the form of a square table (37 X 37), with segregated 
vowels (vow) and consonants (Con) in alphabetical order, and the 
non-letter strokes (P + N) in order of usage. The horizontal and 
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vertical ruled lines follow sub-totals. The vowels are distinctively 
indicated by lower case letters, the consonants by capital letters, and 
the numerals by a subsequent sign # (the usages of numerals being 
assumed concentrated on 04, 14, and 2#). In this square table each 
item is entered twice and is the sum of the usages of the two possible 
temporal orders of the two component mutually adjacent strokes. For 
example, the largest entry in the body of the table, appearing in two 
places, is for the adjacency TH + HT, which is the sum of the usages 
of TH (asin THe) and HT (as in rigHT), including adjacencies occurring 
between words (as in mexT HigH Tide). Hence the bottom row and 
the column at the extreme right, both designated 22, give double the 
total usage of the single strokes, and the grand total of the individual 
entries is 1,020,000. The usages of single strokes range from about 
60,000 per 510,000 for e to 300 per 510,000 for the colon: usages of 
adjacencies range from about 16,000 per 510,000 for TH + HT to 
10 per 510,000 for the smallest entries. 

Appendix 6, derived from Appendix 8, presents in columnar form 
the usages of 37 single strokes, both per 510,000 strokes and per 1000 
strokes, arranged in order of usage. The three columns to the right of 
the usages are Key Group numbers (see Part 7) for the stroke analysis 
of three typewriter keyboards. 

Appendix 7, derived from Appendix 8, presents in columnar form 
the usages of 544 adjacencies, per 510,000 strokes (and per 1000 strokes 
for the large items), arranged in order of usage. The three columns 
to the right of the usages are motion codes (see Part 7) for the motion 
analysis of three typewriter keyboards. Experience shows that all 
close comparisons involved in typewriter keyboard design must be 
made in terms of the usages per 510,000 strokes and must include all 
the 544 items; however, the final results of such comparisons can 
usually be displayed best by translating the totals to usages per 1000 
strokes. 

7. KEY GROUPS, MOTION CODES, AND FINGERING 


Appendix 1 explains a convenient terminology for the classification 
of strokes and motions. In general, the plan is to number the left and 
right halves of the four rows of typewriter keys as Key Groups. Motions 
as between any two Key Groups are then designated by two-digit 
motion codes formed from the numbers of the terminal Key Groups, with 
the smaller number always the first digit. This coding intentionally 
disregards as insignificant the temporal order of the terminal strokes, 
and is consistent with the designation of adjacencies in the form 
TH + HT. There are 903 possible different motions among 42 type- 
writer keys, but only 36 possible different motions among six Key 
Groups. Hence typewriter keyboards are much more easily analyzed 
and designed in terms of group-to-group motions than key-to-key 
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motions. Appendix 1 shows the 36 group-to-group motions by motion 
codes classified by use of hands and by relative difficulty. The lower 
left corner of Appendix 1 explains the code letters used to supplement 
the numerical motion codes to classify the key-to-key motions involved 
in fingering of one-handed motions. 

The light curved lines on the keyboard diagram of Appendix 1 are 
intended to indicate the conventional fingering of a 42-key typewriter 
keyboard in the ‘‘touch system” of typewriting. These light curved 
lines emanate from the scalloped keys, which are the ‘reference keys.” 
In ‘“‘home position”’ the index fingers touch lightly (or hover over) the 
keys numbered 14 and 26. The index fingers are required to stroke 
the two keys in each Key Group nearest the left-right division line. 
The middle and ring fingers each stroke one key in each Key Group. 
The little fingers are required to stroke the outer keys and also operate 
the CAP. shift keys off the lower left and right corners of the keyboard. 
With practice the little fingers can operate these shift keys without 
getting much out of home position. The letter-space bar is operated 
by one of the thumbs; the other thumb has nothing to do. 


8. THE RANDOM KEYBOARD 


The RANDOM keyboard, diagramed and characterized in Ap- 
pendix 3, was conceived by the author in 1942 as an idealized imaginary 
keyboard which is the composite of a large number of keyboards each 
having the letters assigned to its keys perfectly at random. While 
such a keyboard cannot be realized, its characteristics are completely 
predictable from probability considerations and are significant when 
compared to the characteristics of actual keyboards. In particular, the 
RANDOM keyboard reveals that the QWERT YUIOP keyboard has 
nearly the characteristics of a random arrangement; in respect to the 
other keyboards the RANDOM keyboard affords a criterion for ap- 
praising the accomplishments of deliberate design as distinguished from 
the expectations of mere chance. 

The RANDOM keyboard has no numeral row of keys but assumes 
the total stroking load to be uniformly distributed over 30 keys, in 
three rows of ten keys each, and in six Key Groups of five keys each. 
Hence, such a keyboard will have one thirtieth of the total stroking 
load on each key, one sixth in each Key Group, one third in Home Row, 
and one half on each hand. 

Wherever a particular stroke falls on the RANDOM keyboard, the 
next stroke is equally likely to fall on any one of the 30 keys. Hence, 
one half the motions will be two-handed; the two-handed motions 
without reaches from Home Row will be (2/6)(1/6) = 1/18 = about 
6 per cent; and the one-handed motions with hurdles over Home Row 
will be (4/6)(1/6) = 1/9 = about 11 per cent. 

More detailed analysis of the RANDOM keyboard yields the 
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complete distribution of motions by motion codes and the fingering 
of one-handed motions shown on Appendix 3. Finally an auxiliary 
study has determined the usage of ‘“‘close’’ type-bars as reported in 
Part 4. 


9. THE DVORAK-DEALEY KEYBOARD 


The DVORAK-DEALEY ‘Simplified’? Typewriter Keyboard 
(U.S. Patent 2,040,248 issued in 1936) was designed about 1932 by 
August Dvorak, a psychologist of the University of Washington who 
‘had specialized in time and motion studies of typewriting, and William 
L. Dealey, another educator (17,18). Their keyboard largely avoids 
the defects of the QWERT YUIOP keyboard, and the several thousand 
typewriters that have been equipped with DVORAK-DEALEY key- 
boards have demonstrated excellent performance (17,18). The 
DVORAK-DEALEY keyboard is diagramed and analyzed in Appendix 
4 for ready comparison with the other keyboards, and the details of its 
strokes and motions when writing average English are recorded in one 
of the columns at the right of Appendices 6 and 7. 


10. DESCRIPTION OF THE DESIGN OF THE MINIMOTION KEYBOARD 
1. First Objective—To Minimize One-handed Motions 


Referring to Appendix 5, the MINIMOTION keyboard diagram 
shows nine keys in the top row used for numerals. The candidates for 
the remaining 33 keys are as follows: 

26 letters 


Comma, period, and hyphen, each double 
Semi-colon/colon, quotation marks, apostrophe, and question mark. 4 keys 


33 keys 


These 33 candidates are to be assigned 15 to the left side of the 
keyboard and 18 to the right side so as to minimize one-handed motions 
(or maximize two-handed motions). In general, this will be accom- 
plished by assigning to opposite sides of the keyboard the characters 
that are commonly used adjacently. 

The 33 candidates can be assigned as between the left and right 
sides of the keyboard in more than a billion different ways (15C33 or 
18C33). Fortunately all but a few of these possible choices can be 
eliminated by careful study of the square table of Appendix 8 and 
classification of the individual characters into three groups which may 
be conveniently designated as follows: 


Alphas—The 5 vowels, the consonant Y, and the punctuation marks, 
which are all clearly more commonly adjacent to the major 
consonants than to one another. The alphas require 13 keys and 
they are assigned to the left side of the keyboard, primarily to 
obtain a desirable load for the left hand. 
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Betas—The 15 consonants NSRLCMFWPBVX JQZ, which 
are all clearly more commonly adjacent to alphas than to one 
another. So the betas are assigned to the right side of the key- 
board, opposite the alphas. 

Gammas—The 5 consonants 7 H D G K, which do not have a clear 
preponderance of usage adjacent to alphas or betas. 


An auxiliary study shows that the left-right assignments of the 
alphas and betas are correct for maximum two-handed motions no 
matter how the gammas are assigned. Although the assignments of 
alphas and betas leave two spare keys on the left and three on the right, 
arrangements can be made to accommodate any or all of the five gammas 
on either side of the keyboard. Hence the number of possible choices 
of gamma assignments is 2° = 32. Each of thesg 32 choices has been 
studied in detail for the resulting two-handed motions per 510,000 
strokes. The results for the ten best choices and the 32nd choice are 
shown in Table I. 


TABLE I. Two-handed motions after alpha and beta assignments for 
32 different gamma assignments 
Rank Gamma Two-Handed Two-Handed 
of Assignments Motions per Motions per 
CHOICE EFT RIGHT 1000 
668 
667 


10th 


HDK 
(21 others not shown) 
32nd KGDHT 293,848 


* MINIMOTION choice. 


The possible gamma assignments result in a rather small range of 
two-handed motions because the alpha and beta assignments have 
insured so many of the obtainable two-handed motions. Any of the 
32 choices of gamma assignments yields more two-handed motions per 
1000 strokes than the QWERT YUIOP keyboard (which has 523), and 
20 of the choices yield more than the DVORAK-DEALEY keyboard 
(which has 653). 

As indicated, the fourth choice is considered most satisfactory for 
the MINIMOTION keyboard. This choice yields 666 two-handed 
motions per 1000 strokes out of a possible 668 and has other advantages 
that appear in Parts 10.2 and 10.4. 

The two-handed motions of the MINIMOTION keyboard could be 
increased to 722 per 1000 strokes by providing a second letter T on the 


3rd H TDGK 339,690 666 
ed 4th* KH TDG 339,502 666 BS 
Sth THDGK 339,396 666 
6th K THDG 339,316 666 
7th GH TDK 338,134 663 
ra 8th KGH TD 337,848 663 ‘3: 
9th HDGK 337,132 661 
661 
576 
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left side of the keyboard, but this large gain would be impractical to 
realize. 

The two-handed motions of the several typewriter keyboards per 
1000 strokes are: 


QWERT YUIOP 
RANDOM 
DVORAK-DEALEY 
MINIMOTION 


2. Second Objective—To Minimize Reaches From Home Row, and To 
Maximize Two-handed Motions in Home Row 


The MINIMOTION choice of assignments to minimize one-handed 
motions puts five of the ten most commonly used letters on each side 
of the keyboard. Hence reaches from Home Row are minimized by 
assigning e a 01h to Key Group #5 and T N S RL to Key Group #6. 
Including the use of the lower case of Z for the numeral one, these 
assignments insure 709 strokes in Home Row per 1000 keyboard strokes, 
which is the maximum attainable on ten keys. 

The ten letters that have the highest individual usage also have the 
highest usage of adjacencies as betwen two groups of five letters each. 
The MINIMOTION assignments to Key Groups #5 and #6 yield 335 
two-handed motions in Home Row per 1000 keyboard strokes, which 
is the maximum practically attainable. These motions are those 
coded 56 and described as the easiest motions of typewriting. (The 
motions coded 56 could be increased to 341 per 1000 keyboard strokes 
by interchanging the assignments of the letters T and H, but this 
would decrease the two-handed motions for the whole keyboard from 
666 to 661.) 

The strokes and two-handed motions in Home Row per 1000 key- 
board strokes for the several typewriter keyboards are as follows: 

Strokes Motions 
QWERT YUIOP 
RANDOM 


DVORAK-DEALEY 
MINIMOTION 


3. Third Objective—To Minimize Hurdles 


The design to minimize one-handed motions (Part 10.1) has deter- 
mined the assignments as between the left and right sides of the 
keyboard; further, the design to minimize reaches and maximize two- 
handed motions in Home Row (Part 10.2) has determined the assign- 
ments to Key Groups #5 and #6. The remaining choices of assign- 
ments above and below Home Row are now to be made so as to minimize 
hurdles, which are described as the hardest motions of typewriting. In 
general, this will be accomplished by assigning to the key groups above 
and below each half of Home Row characters that are not commonly 


used adjacently. 
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First, the low-usage letters J Q and Z are disposed of by assignment 
to the three available keys in Key Group #2 at the extreme right of the 
keyboard. Then there remain ten assignments to be made on the left 
as between Key Groups #3 and #7, and ten on the right as between 
Key Groups #4 and #8. The candidates for these twenty assignments 
are listed in Table II with their individual usages per 1000 strokes. 

Evidently the principal problem is to minimize the hurdles coded 
37 and 48; those coded 17 and 28 will be few because of the low usage 
of any characters in Key Groups #1 and #2, also a few strokes in #7 
and #8; other hurdles, coded 15 and 26, will also be few and these have 
already been fixed by the assignments completed in Key Groups #1, 
#2, #5, and #6. 

Considering now the right hand hurdles, the number of possible 
assignments of the ten letters as between Key Groups #4 and #8 is the 
combinations of ten items taken five at a time = 252. However, study 

TABLE II 
On the LEFT On the RIGHT 
as between as between 
Key Groups Key Groups 
#3 and #7, 
affecting 


coded 37 
and 17 


M 
F 
W 
G 
B 
V 
X 


of Appendix 8 reveals that few hurdles will result from assigning D to 
Key Group #4, and V and X to Key Group #8, which reduces the 
number of possible choices of assignments to 35. Each of these 35 
choices has been tested in detail for the resulting hurdles per 510,000 
strokes. The results for the five best choices and the 35th choice 
are shown in Table III. As indicated, the 1st choice was used for the 
MINIMOTION keyboard. 

The left hand hurdles were considered just as thoroughly, but only 
four choices needed to be tested in detail for hurdles per 510,000 strokes, 
the range of hurdles was from 2.2 to 3.1 per 1000 strokes, and the 
choice for the MINIMOTION keyboard tolerates 2.8 left hand hurdles 
per 1000 strokes to avoid key assignments that appeared otherwise 
objectionable. (— to #7,’ to u. c.) 

In making the assignments to minimize hurdles the strokes in Key 
Groups #7 and #8 were minimized, as these are a little harder to 
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reach than Key Groups #3 and #4. Appendix 5 shows the final 
arrangement of these Key Groups. 

The hurdles for both the DVORAK-DEALEY and MINIMOTION 
keyboards are shown by motion codes in Table IV. 


TABLE III. Right hand hurdles, coded 26, 28, 48 


Rank of Key Grou 
#4 and Hurdles Hurdles 


Choice Assignments _/510,000 _/1,000 
lst* 


4,092 8.0 


end 
4,192 8.2 


ord 
4,296 


4th 
4,414 


oth 


av av Fu av 
22 aa va 
Qy wy We wy 


4,473 
(29 others not shown) 


35th DCWPB 
MFGVX 5,699 


* MINIMOTION Choice. 


TABLE IV. Hurdles by motion codes 


DVORAK-DEALEY MINIMOTION 
Motion Hurdles per Hurdles per Hurdles per Hurdles per 
Cod 510,000 1000 510,000 1000 


1,776 321 
70 0 
1,107 


1,428 


1,033 
231 

2,828 

4,092 - 


5,520 


8.4 
: 
8.6 
3 
8.8 
j 
1 1 e 2 
| 
= 
5 
15 0.6 
Left 2,650 5.2 2.8 
28 959 1.9 0.5 
48 5,976 11.7 5.5 
Right 10,689 21.0 8.0 
Total 13,339 26.2 10.8 
=3% =1% 
as 
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The hurdles of the several keyboards per 1000 strokes are as follows: 


QWERT YUIOP 113 
RANDOM 111 
DVORAK-DEALEY 26 


MINIMOTION 


The residual hurdles of the MINIMOTION keyboard mostly occur 
between words or involve a non-letter character. Some hurdles that 
occur within words, as in aDVise, eXCept, lucK Y, and suBJect, are 
conspicuous but have little usage. Table V lists the ten most common 
hurdles, which account for nearly half the total. 


TABLE V. Minimotion keyboard, the most common hurdles 


Motion Usage per 
Adjacency Code 510,000 
DM +MD H48R 493 
DB H48R 398 
ag +”, H37A 350 
DP +PD 


SO# + O0#S 


Total 5520 = 11/1000 = 1 percent. 


4. Fourth Objective—To Divide the Stroking Load Equitably between the 
Hands 


The MINIMOTION choice of assignments to minimize one-handed 
motions also results in an equitable division of the total stroking load 
between the hands. The heavier stroking load for the right hand 
(516 per 1000) seems in line with indications that more than 90 per cent 
of literate adults are right-handed (15). Some tests (6,12) have found 
about 10 per cent greater agility for the fingers of the right hand, which 
suggests that the ideal division of a load of 1000 strokes may be about 
475 left and 525 right. At any rate the left-right stroking loads of 
several keyboards are: 


Left Right 
QWERT YUIOP 561 439 
RANDOM 500 500 
DVORAK-DEALEY 447 553 


MINIMOTION 


5. Fifth Objective—To Minimize Awkward Fingering of One-handed 
Motions Yet Load the Fingers Equitably 


The assignments to minimize one-handed motions, reaches, and 
hurdles have been by Key Groups, with no regard to the assignments 


O#T + TO# H26A 246 bt 

FM + MF H48S 218 
FB + BF H48S 186 

GM +MG H48A 168 : 
H26S 161 

2829 

4 

| 


414 Roy T. GrirFitH 


of the individual keys within each Key Group. The particular assign- 
ments internal to the Key Groups determine the fingering of one- 
handed motions and the division of the stroking load among the fingers. 
These assignments will now be made to minimize awkward fingerings 
as well as can be without loading the fingers inequitably. 

The several fingerings of one-handed motions are conveniently 
coded as follows: 


Code K—The repeat strokes on the same key for double letters, 
which account for about 30 motions per 1000 strokes; 

Code S—The consecutive strokes on different keys done by the same 
Singer; 

Codes A and R—The consecutive strokes on different keys done by 
adjacent fingers or by remote fingers, which account for the 
remaining one-handed fingerings. 


TABLE VI. Fingering of one-handed motions, per 1000 strokes 


QWERT DVORAK- MINI- 
All one-handed motions YUIOP RANDOM DEALEY MOTION 


K = Same Key 30 30 
S = Same Finger 73=7% 108 =11% 
A = Adjacent Fingers 204 160 
R = Remote Fingers 170 202 


Total one-handed 477 500 
Total two-handed 523 500 


Total Motions 1000 


Hurdles only 

HS = Same Finger 

HA = Adjacent Fingers 
HR = Remote Fingers 


Total Hurdles 11 


On the left side of the keyboard the number of permutations of 
assignments that are distinct in respect to fingering are 60 within each 
of the Key Groups #3, #5, and #7, thus making the possible distinct 
arrangements of the left side of the keyboard = 60° = 216,000; on the 
right side the same number of arrangements results from permutations 
within Key Groups #4, #6, and #8. However only 12 arrangements 
of the left side of the keyboard and 36 arrangements of the right side 
avoid finger loadings that appear inequitable. These 48 arrangements 
were tested in detail for same-finger fingerings per 510,000 strokes, with 
hurdles segregated for special consideration. The combination of left- 
right arrangements chosen for the MINIMOTION keyboard involves 
41 same-finger fingerings per 1000 strokes (4 per cent), of which only 
3 per 1000 are hurdles. These figures appear in the comparative 
summary which is Table VI. Analyses of one-handed fingerings per 
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1000 strokes are in the lower left corner of Appendices 2, 3, 4, and 5; 
details per 510,000 strokes are in the motion code columns of Appendix 7. 

As suggested by Table VII, some of the residual same-finger finger- 
ings of the MINIMOTION keyboard have sufficient usage to be 
annoying. However some such residuals are inevitable except by 
making other more serious sacrifices. Finally an auxiliary study in- 
dicates that a typewriter keyboard can hardly reduce same-finger 
fingerings below about 3 per cent no matter what finger loadings are 
tolerated. 


TABLE VII. Residual same-finger fingerings of the MINIMOTION keyboard 


Motion Usage per Usage per 
Adjacency Cod 1000 


Co | NNN 


Others 
Total 41/1000 = 4 per cent 


A guide to equitable loading of individual fingers in recognition of 
their relative abilities is afforded by experimental findings of Hoke (6) 
and Riemer (12). Their finger abilities are shown in Table VIII, 


TABLE VIII. Finger abilities and finger loads, per 1000 strokes 


Total 


Total 
Left Right 


Finger designations 
Hoke-Riemer abilities 
QWERT YUIOP 
RANDOM 
DVORAK-DEALEY 447 
MINIMOTION 484 


averaged and adjusted to total 1000 for eight fingers, in comparison to 
the finger loadings of several typewriter keyboards. In relation to 
the Hoke-Riemer abilities the QWERT YUIOP keyboard overloads 
the inner fingers of the left hand ; however the actual keyboards generally 
prefer to underload the outer fingers of each hand and let the stronger 
inner fingers carry the resulting overloads. Comparison of Appendices 
4 and 5 shows that both the DVORAK-—DEALEY and MINIMOTION 
keyboards assign such high-usage letters as S and R to the outer fingers 
of the right hand in order to attain desirable fingerings. 


Ho +0H 55S 2,493 = 

Yo +oY 35S 1,968 = 

DS +SD 46S 1,352 
BL +LB 68S 1,092 - 

RC +CR 46S 979 = 

NW + WN 46S 884 

ue +eu 35S 826 a 

a ta, 35S 796 

GT +TG 46S 697 ae 
TP +PT 68S 656 = 

104 112 126 133 140 139 128 118 525 
s 85 80 182 214 19% 88 127 28 439 

100 100 100 200 200 100 100 100 500 ee 
83 86 130 148 171 138 138 106 553 
ee 84 92 149 159 192 127 107 90 516 es 
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6. Letter Spacing and Line Spacing 


Horizontal spaces between letters, to separate words, are inserted 
by operating the long space bar at the bottom of the keyboard. The 
space bar can be operated by either thumb, but assignment of the 
responsibility to one thumb or the other is desirable to avoid hesitancy. 
For the MINIMOTION keyboard there is a slight choice in favor of 
the left thumb because an auxiliary study (using statistical details not 
reproduced here) shows that more words begin and end on the right 
side of the keyboard than on the left, hence the left hand is less likely 
to be busy between words than the right hand. Incidentally, the 
auxiliary study showed that the DVORAK-—DEALEY keyboard also 
should insert spaces with the left thumb, but the QWERT YUIOP 
keyboard should use the right thumb. These thumb assignments are 
indicated on the keyboard diagrams of Appendices 2, 4, and 5. 

Vertical spaces between lines are inserted incidentally to returning 
the carriage, usually by a long lever projecting toward the operator 
from the left end of the carriage. Eventually typewriters will normally 
be fully motorized, and a suitable keyboard key will control line spacing 
and carriage return. Accordingly the MINIMOTION keyboard 
shortens the letter space bar for operation by the left thumb and pro- 
vides a key convenient to the right thumb labeled CAR. and having a 
“‘double touch:’’ when depressed lightly it inserts a line space of pre-set 
width; when depressed firmly it also returns the carriage. These 


facilities are shown on the keyboard diagram of Appendix 5. 
‘ 11. RESULTS OF KEYBOARD ANALYSES 
Keyboard diagrams and the results of complete analyses of strokes 
and motions per 1000 strokes are given for four keyboards in Appendices 
2 and 5. These Appendices also show some of the major indices 
rounded to the nearest whole per cent. Such percentile ratings are 
assembled in Table IX for ready comparison of keyboard performances. 


TABLE IX. Percentile ratings of four typewriter keyboards when writing average English 
QWERT DVORAK- MINI- 
YUIOP RANDOM DEALEY MOTION 


Strokes by the Right Hand 44 50 55 52 
Strokes in Home Row 32 33 67 71 


Two-handed motions 
without reaches (Easiest) 6 50 29 5 34 7 
with reaches (Easy) 44 36 33 


One-handed motions 
without hurdles (Hard) 39 50 32 35 Ey 4 33 
with hurdles (Hardest) 11 3 1 


Same-finger fingerings 11 4 4 
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Comparison of these percentile ratings for the strokes and motions 
of the several keyboards supports the claim that the MINIMOTION 
keyboard affords the greatest facility for writing average English. 
This leads to the corollary claim that the MINIMOTION keyboard, 
being least tiring to the operator, will yield the highest attainable all-day 
efficiency. 

Contrasting with the words used in Part 3 to illustrate the defects 
of the QWERT YUIOP keyboard, the following sentences have been 
devised to emphasize the merits of the MINIMOTION keyboard: 


1. Done entirely by two-handed motions in Home Row— 
A tenor is a resonator on a rare note. 

2. Done entirely by two-handed motions— 
A duck loves a watery locality for a family life. 


3. Done entirely in Home Row— 
The senator sits on his leather seat in the national interest. 


12, KEYBOARD PERFORMANCE RATINGS 


Although similar percentile ratings are properly comparable as 
among the several keyboards, there is no evident way to combine these 
various percentile ratings significantly into a single all-inclusive per- 
formance rating for each keyboard. This is because the gradings of 
motions by difficulty are merely relative, and no satisfactory measure 
of absolute difficulty is available. Ideally, each keyboard should have 
a single rating, and a superiority of rating should be translatable into 
savings of time and money. 

However, consideration of a keyboard performance rating im- 
mediately leads beyond the scope of this paper to a broader need. 
Operating a typewriter is a complicated human activity that baffles 
analysis by any ordinary methods. The keyboard is just one of several 
factors that act and react to influence typewriting performance: the 
operator, the material, the surroundings, the keyboard, and the machine. 
Further, all these factors are unknown variables, as illustrated by this 
extreme example: 


If an official typewriting speed record is set by an operator 
using a QWERT YUIOP keyboard on a motorized typewriter, 
who can say how much the performance is due to the skill of 
the operator, and how much to the feather touch and lightning 
response of the motorized machine? And who will attempt 
to estimate how much better the record might have been if the 
operator had devoted equal effort to developing skill on a MINI- 
MOTION keyboard? 


Nevertheless, all the typewriting factors can be evaluated con- 
clusively by systematic collection of many thousands of observations 
on hundreds of typewriters under actual service conditions, The obser- 
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vational method of establishing ratings is slow and costly, but the 
validity of the resulting statistical indications is beyond question. In 
this connection, the Bell Telephone System has found that the observa- 
tional method affords the only satisfactory basis for rating the trans- 
mission performance of telephones under actual conditions of use (14). 
Nothing remotely comparable to the telephone observations has been 
collected for the typewriter. As the telephone and the typewriter 
share the principal responsibility for commercial communications, simi- 
lar methods of rating their service performance seem appropriate. The 
cost of a project to establish sound ratings for typewriter performance 
will be substantial, but small in comparison to the possible future 
savings. 

The expert operator is characterized by a pace that slows momen- 
tarily to accommodate hard motions and speeds through easy motions 
like an automobile picking the way along a poor road at 10 m.p.h. on 
the rough spots and 30 m.p.h. on the smooth stretches. For example, 
chronagraphic investigation by Lahy showed that one-handed motions 
consumed on the average 73 per cent more time than two-handed 
motions; investigation by another on operators averaging 130 words 
per minute found the hardest motions being done at an instantaneous 
rate of 70 words per minute, while the easiest attained an instantaneous 
rate exceeding 200 words per minute. Hence a typewriter keyboard 
that reduces the proportion of hard motions and correspondingly in- 
creases the proportion of easy motions inherently produces a greater 
average speed and output for the same skill and effort; conversely, it 
requires less time and effort for a fixed output. The data from Lahy 
and another, plus a few reasonable assumptions, are sufficient to assign 
an individual speed to each coded motion which immediately enables 
computation of weighted and relative speeds and times inherent in the 
several keyboards. The results of an auxiliary study on this plan are 
as follows: 


Performance ratings 
Per Cent Ratings of Typewriter Keyboards 


For Expert Operators Inherent Inherent 
of Relative Relative 

Equal Skill and Proficiency Speed Time 
(Fixed Effort) (Fixed Output) 


QWERT YUIOP 
RANDOM 
DVORAK-DEALEY 90 
MINIMOTION 89 


99 
100 


13. THE MINIMOTION KEYBOARD 


Obviously the cost of manufacturing typewriters is independent of 
the keyboard arrangement, so the MINIMOTION Keyboard involves 
no ultimate cost. Conversion of machines having QWERT YUIOP 
keyboards as part of major reconditioning, would make machines having 
MINIMOTION Keyboards available on trade-in transactions. 

The MINIMOTION Keyboard is not only the easiest to use, but 
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it should be the easiest tolearn. At any rate, the DVORAK-DEALEY 
Keyboard has amply demonstrated ease of learning (18). Most con- 
vincing is the report of tests in 1939 at the University of Chicago School 
of elementary education, where a group of young beginners using 
DVORAK-DEALEY keyboards developed proficiency more than twice 
as fast as a control group using QWERT YUIOP keyboards (18). 

Operators already proficient on the QWERT YUIOP keyboard 
will find learning the MINIMOTION keyboard easier than might 
be expected. Again the best evidence has been collected by the 
DVORAK-DEALEY keyboard. The indications are that changing to 
a MINIMOTION keyboard will reduce the output of a commercial 
operator not longer than two weeks; thereafter the advantage will 
continue indefinitely. 

So introduction of the minimotion keyboard is no problem at all 
for new typewriters and new operators, and only a minor problem 
during conversion. Thereafter the advantage of the MINIMOTION 
keyboard will continue as long as there is no major. change i in the usage 
and spelling of English words. i 


14. FUTURE OF THE MINIMOTION TYPEWRITER KEYBOARD 


As the MINIMOTION keyboard is not now in use, its general 
acceptance is entirely an expectation for the future. Acceptance will 
be of three kinds: Scientific, popular, and commercial. 


Scientific acceptance is based entirely on excellence of design to 
meet a need. This paper submits the design of the MINIMOTION 
keyboard for scientific examination. 

Popular acceptance is often determined by prejudice. Generally 
people will accept a cautious succession of minor improvements but 
may set up a stubborn wall of prejudice against.a major innovation, 
particularly if it affects a familiar thing and has the taint of reform. 


An extreme example of popular resistance to reform is the 

experience of the proposals for ‘Simplified Spelling.’”” Notwith- 

standing the support of eminent philologists and educators on 
both sides of the Atlantic (9), these proposals have made little 
progress in the last 50 years. Accordingly, we in the United 

States still prefer the spelling neighbor, the British continue to 

insist on neighbour, and we both consider nabor quite indecent. 

(Incidentally, as stated in Part 6, the MINIMOTION keyboard 

is designed to write the ‘‘customary USA spelling”’ represented 

by neighbor.) 

The MINIMOTION keyboard is a major innovation that can 
hardly escape being classed as a reform, yet it does have one important 
advantage over Simplified Spelling: It affects only the writer, not the 
reader—using an efficient keyboard does not at all change the appear- 
ance of the final typewritten words. 
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Commercial acceptance is based ultimately on demonstrated savings 
of time and money, though prejudice is sometimes an initial factor. 
Convincing demonstration of such savings requires the firm establish- 
ment of keyboard performance ratings. Finally, only advertising and 
salesmanship can bring the obtainable savings effectively to the atten- 
tion of those who pay for typewriting service. In the long run, the 
MINIMOTION keyboard will benefit not only those who buy type- 
writing service but all who have any part in furnishing it. 

Whatever the future, the author is gratified to have been able to 
complete this development that has such great possibilities of reducing 
the aggregate of typewriting effort. 
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APPENDIX 1. TERMINOLOGY OF KEY GROUPS AND MOTION CODES 


Composition and numbering of Key Groups #1 to #8, also key numbers corresponding to type- 
bar numbers 1 to 42: 


' Letterspace Bar 


LEFT Key Groups are odd numbereds RIGHT Key Groups are even numbered. 
"HOME ROW" is Key Groups #5 and #6 (key 42 being in Key Group #2); 
"Reference keys" are scalloped and emanating curved lines show fingering, 
with the index fingers in "home position” on keys 14 and 26. ‘ 


Key Group plan: Number of possible different motions: 
#2 among 42 keyS = £42 = (42) (43) 72 = 903; 
3 among 8 Key Groups = £8 = (8)(9)/2 = 36, 


5 as classified below by motion codes 
formed from terminal Key Group numbers. 


CLASSIFICATION OF MOTIONS CLASSIFICATION OF MOTIONS 
by __use of hands, by motion codes: by relative difficulty, 
t=handed motions 2=handed motions by motion codes: 
Left Right 
22 EASIEST= 
13 24 23 2-handed without reaches 
HI5 H26 25 56 only 
HI7 H28 27 
33 44 EASY= 
35 46 45 2-handed with reaches 
H37 H48 47 12 14 16 18 23 25 27 
=) 66 56 34 36 38 45 47 58 67 78 
57 68 5S 67 
77 88 78 HARD= 
The antecedent H marks the Hurdles. l-handed without hurdles 
33-35 55> S¢ 
Subsequent code letters to show the 22 24 44 46 66 68 88 
FINGERING of !-handed motions: 
K = same Key (repeat stroke) HARDEST= 
S = Same finger (different keys) l-handed with hurdles 
A = Adjacent fingers HIS HI7 
R = Remote fingers H26 H28 H48 


\ 
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APPENDIX 2. THE QWERT YUIOP TYPEWRITER KEYBOARD—1872 
Keyboard Diagram and Statistical Distribution of Strokes and Motions 
Distribution of strokes by keys and fingers, per 1000 strokes 


© 
O 


DISTRIBUTION OF STROKES by Key Groups: 


Key Group Plan- Per 1000 strokes=- of strokes- 
5 
3 3 287 23 

214 22 

7 8 ; => 5 
561 56% 
DISTRIBUTION OF MOTIONS CLASSIFICATION OF MOTIONS 
by motion codes, per 1000 strokes: by relative difficulty, 
motions 2=handed motions per 1000 strokes and &: 
O 22= 12= 0 
138 3 24= 2 
332 75 44= 16= | 
352123 46= 18= 2 
55= 38 66= 23= 7 
6 


2=-handed motions 
without reaches 


2=-handed motions 
with reaches 


57= 21 68= 25= 
77= | 88= 27= 
Hi5= 3 H26= 
HIi7= O H28= 56= 41 
H37= 35 H48= 71 I-handed motions 
299 178 without hurdles 
299 + 523/2 = 561 Left strokes (HARD)... . « 364= 37% 
178 + 523/2 = 439 Right strokes 
477 + 523 =1000 Total strokes l=handed motions 
FINGERING of t=handed motions with hurdles 
per 1000 strokes: —— (HARDEST) . . 113= 


Same key 

Same finger Total motions= 1000= 100% 
Adjacent fingers 150 

Remote fingers 137 

Total l-handed 364 113 477= 48% 
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APPENDIX§¥3. THE-RANDOM TYPEWRITER KEYBOARD—1942 
Keyboard Diagram and Statistical Distributions of Strokes and Motions 


Strokes are assumed to fall at random on the 30 keys in 6 Key Groups, hence 1000 strokes 
and motions distribute as follows: Strokes per key = 1000/30 = 33 + 1/3 = 33 or 34 (to 
avoid fractions); Strokes per Key Group = 1000/6 = 166 + 2/3 = 167 or 166; Number of 
different motions among 30 keys = 230 = (30) (31)/2 = 465; Number of different mo- 
tions among 6 Key Groups = 26 = (6) (7)/2 = 21. Motions within any one Key Group 
= 1000/6/6 = 27 + 7/9 = 28 or 27; Motions between any two Key Groups = 1000/3/6 
= 55 + 5/9 = 56or 55. 


Distribution of Strokes by keys and fingers, per 1000 strokes 


DISTRIBUI ION OF STROKES by Key Groops: 


Key Group Plan- Per 1000 strokes= 
iE 167 166 333 


167 167 334 
7 166 167 333 
500 500 1000 


DISTRIBUTION OF MOTIONS CLASSIFICATION OF MOTIONS 
py motion codes, per {1000 strokes: by relative difficulty, 
l<handed motions 2=handed motions per 1000 strokes and 
33= 28 44= 28 34= 55 
55= 28 66= 28 36= 56 2=handed motions 
77= 27 88= 27 38= 55 without reaches 
35= 56 46= 56 45= 56 (EASIEST)... 56= 6% 
57= 56 68= 55 47= 55 
H37= 55 H48= 56 58= 56 2-handed motions 
67= 55 with reaches 
78= 56 (EASY). ... . 444= 44% 
250 250 500 
250 + 500/2 = 500 Left strokes {rina moti ons 


250 + 500/2 = 500 Right strokes without hurdles 
500 + 500  =1000 Total strokes (HARD). « 389m 39% 
FINGERING of I-handed motions 


per 1000 strokes: “handed motions 
Same key 30* with hurdles 
Same finger 77 «#31 108= 11% (HARDEST) . . 


Adjacent fingers 125 35 160 


Remote fingers 157 45 202 Total motions= 1000= 100% 
Total _l-handed 389 500=5 *adjusted for average English 


423 
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APPENDIX 4. THE DVORAK-DEALEY* “SIMPLIFIED” TYPEWRITER KEYBOARD—1932 


Keyboard Diagram and Statistical Distributions of Strokes and Motions 
Distribution of strokes by keys and fingers, per 1000 strokes 


© 


6.0.6 OF 


OEY), 
TOK S) 
00.0.0 O16 


83 730 46, 738 <4 106 


Left thumb ; 


DISTRIBUTION OF STROKES by Key Groups: 


Key Group plan- Per 1000 strokes= 
3 


of strokes=- 


7 


553 


DISTRIBUTION OF MOTIONS 
By motion codes, per 1000 strokes: 
l<handed motions 2=<handed motions 
12= 0 34= 23 
142 2 36=# 33 
l6= 4 38= II 
6 


18= 45=186 
47= 4 
25= 58= 86 
272 67= 7 

78= | 
956 =288 


653 

121 + 653/2 = 447 Left strokes 

226 + 653/2 = 553 Right strokes 

347 + 653 =!000 Total strokes 
FINGERING of !=-handed motions 


i 2% 
6 17 25% 
37 30 67% 
7 
1000 45% 55% 100% 


CLASSIFICATION OF MOTIONS 
by relative difficulty, 
per 1000 strokes and &%: 


2=handed motions 
without reaches 
(EASIEST) . . . 288= 29% 


2=handed motions 
with reaches 
(EASY). . 365= 


motions 
without hurdles 
(HARD)... . 


l<handed motions 
with hurdles 
(HARDEST) ... 26= 


per 1000 strokes: 


Same key 
Same finger 
Adjacent fingers 133 


Remote fingers 125 14 139 
Total |-handed 321 26 347= 35% 


Total motions= 1000= 


* U.S. Patent 2,040,248, issued in 1936. 
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H37= 2 H48= 12 
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APPENDIX 5. THE MINIMOTION TYPEWRITER KEYBOARD—1941 


Keyboard Diagram and Statistical Distributions of Strokes and Motions 
Distribution of strokes by keys and fingers, per 1000 strokes 


Cle GG 


972 +147 27, 


Letterspace yg Line. space and 
(Left thumb) (aight 


DISTRIBUTION OF STROKES by Key Groups 


Key Group plan= Per 1000 strokes- of str 
0 
3 8 
39 


48% 


DISTRIBUTION OF MOTIONS CLASSIFICATION OF MOT | ONS 
by motion codes, per 1000 strokes: by relative difficulty, 
t-handed motions 2=<handed motions per 1000 strokes and 4%: 
222 0 I2= 34= 22 
24= =| 14= 36= 59 2=-handed motions 
44= 8 16= 38= 15 without reaches 
46= 68 1S= 45=132 (EASIEST) . . . 335= 34% 
66= 68 23= 47= 5 
68= 25 25= 58= 78 2=-handed motions 
88= 5 27= 67= 11 with reaches 
| H26=2 2 78= 2 (EASY). . . . 33% 
2 H48= 6 l-handed motions 
51 183 666 without hurdles 
151 + 666/2 = 484 Left strokes (HARD). . .. . 323= 32% 
183 + 666/2 = 516 Right strokes 
334 + 666 =1000 Total strokes l=handed motions 
FINGERING of !=handed motions with hurdles 
per 1000 strokes: (HARDEST)... 
Same key alae 
Same finger Total motions= |000= 
Adjacent fingers 138 
Remote fingers 117 
Total I-handed 323 {1 334= 3 
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APPENDIX 6. STATISTICAL USAGE OF 37 SINGLE STROKES IN AVERAGE ENGLISH 
Typewriter keyboards and Key Group numbers 


Single Usages per 
strokes 510,000 1000 QWERT YUIOP DVORAK-DEALEY MINIMOTION 


59,888 118 # #5 #5 
46,095 90 
39,819 78 


37,366 73 
35,718 70 
35,679 70 
29,980 59 
29,809 
26,514 
19,788 
18,116 
14,359 
13,890 
12,190 
11,476 

9,969 

9,947 

9,741 

9,143 

7,448 


; 


+: 


0# (zero) 
1# (one) 
x. 


KAN NK AN NOONE 
+ 


J 
2# (two) 


0 wD 


i 


| 


QWERT YUIOP DVORAK-DEALEY MINIMOTION 


per per per 
Strokes by Key Groups: 510,000 510,000 510,000 


2,700 : 3,200 500 
146,160 31,712 x 39,359 
109,132 186,642 199,266 

28,027 6,743 7,173 


286,019 228,297 246,898 
5,736 5,100 2,441 
106,047 85,173 63,639 
51,990 156,423 162,390 
60,208 35,007 34,632 
223,981 281,703 263,102 


510,000 510,000 510,000 


th 
STUN 


j 
é 
e 
a 
o 
N 
3 
R 
H 
L 
: 
pe 
4 5,900 11 a 
5,053 
K 3,237 
2,200 
1,136 
1,000 
798 
651 # 
500 : 
Q 421 
? 400 
Z 369 
f 
300 
1000 
1 : 
77 
391 
15 
Left 484 = 
#2 5 
125 
#6 318 
#8 68 
Right 516 
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APPENDIX 7. STATISTICAL USAGE OF 544 ADJACENCIES IN AVERAGE ENGLISH 


Adja- __Usages per Motion Codes Adja- _ Usages per Motion Codes 
cencies 510,000 QW* DD** MM*** cencies 510,000 QW* DD** MM*** 


15,952 36 66A ai +ia 2,712 
14,603 33A 45 oW + Wo 2,706 
13,135 36 56 , Lo +oL 2,567 
11,052 H48A 56 Mi +iM 2,559 
10,000 58 56 NS +SN 2,551 
9,428 34 56 uT + Tu 2,518 
9,144 35R 56 Ho + 0H 2,493 
9,109 38 56 Wa +aW 2,468 
9,073 33A 56 TT 2,329 
8,918 H48R 56 uN + Nu 2,315 
8,531 35A 56 Ge +eG 2,284 
7,805 34 45 SS 2.257 
7,483 35R 45 i + iF 2,226 
7,144 34 56 + oP 2,222 
7,098 35S 56 2,215 
7,057 35R 66R + oD 2,203 
6,747 45 + SR 2,196 
6,735 56 + HC 2,174 
6,214 66R + YT 2,107 
5,846 A 56 + Fe 2,078 
5,782 45 + HS 2,050 
5,463 58 + Ya 1,986 
5.427 + oY 1,968 
4.919 WH + HW 1,958 
Pa 1,937 


N 


Ze 


| 
1,879 


4,572 
4,509 1'803 
4,501 1762 
4 1,737 
4,376 1,721 
1,688 
3,792 1,681 
3,706 1,650 
3,642 1,594 
3,528 1,587 
3,514 1,561 
3,349 1,561 
3,337 1,552 
3,331 1,538 
3,323 1,526 
3,208 1,403 
3,118 1,403 
3,085 1,367 
3,056 1,352 
2,992 1,328 
2,871 1,318 
2,751 1,314 
2,734 


D wt 
Un 


51-100 +96,957 
1-50 298,789 = 58.6% 1-100 395,746 = 77.6% 
*QWERT YUIOP 


** DVORAK-DEALEY 
*** MINIMOTION 


TH +HT 45 SSR SSA 

eR +Re 34 5845 
He + eH 46S 45 56 

iN H48A 58 58 : 

aN 58 66A 66R a 

iT 34 36 
aT 46R 56 55S 
eN 35A 58 45 
eT 33K 66K 66K a 

oN H48S 56 36 
eS 35A 45 45 
oR 55K 66K 66K 
aR 45 45 45 
To 444 35R 58 

eD 33K 55K 55K 
ST 45 56 45 = 
oF 35R 46A 66A 

iS 67 46A 45 
ND 34 336 36 

aS 35A 45 45 
56 66R 56 
Me 45 35R 35R 

44R 35R 35S 
NT 36 68A 45 
45 35R 58 

ea ag 
34. SSA SSA 

46R 34 36 
Ve 45 45 45 
34 5845 

46R 45 36 

NG + GN H37A 46S  46R 
Ri +iR 56 46R 46R 

Ca + aC 34 34. 
iC + Ci 57R 58 58 
Hi + iH 55R 45 45 
Co +0C 36 46R 66A 

oM + Mo 35A 66A 46A et 

+ eB 34. 35A 355A 

aD +Da 38 
So + 0S 38 
eW +We S7R 58 
Ma + aM 35A 46R 46A 
ei +ie 55R 45 45 

Di +iD 3434-36 

uS +Su 55A 66R 46S i 

io + oi 38 35S 35R 
LL 38 35A 

47 58 38 
Pe eP 
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APPENDIX 7. STATISTICAL USAGE OF 544 ADJACENCIES IN AVERAGE ENGLISH—Continued 


Adja- _Usages per Motion Codes Adja- Usagesper Motion Codes 
cencies 510,000 QW* DD** MM*** cencies 510,000 QW* DD** MM*** 


GH + HG 1,306 56 40S 45 jo. | +0, 688 H48A 35S 35R 
GR + RG 1,306 35S 44R 46R eX +X 681 H37A 57A_ 58 
FT + TF 1,300 35S 46A 46A 675 46R 46R 
00 1,276 44K 55K 55K 656 8934 36 68S 
FR + RF 1,260 35S 650 SSK 44K 

Bo + 0B 1,250 47 88R 

PL +LP 1,244 46A 
SP 1,231 45 
Ke 1,190 36 
Go 1,187 45 
uC 1,095 47 
1,092 67 
1,064 57A 
1,045 44R 
1,040 58 
1,030 58 
1,011 45 
1,006 

992 

979 

979 

978 

977 

976 

960 


44 


w 


SMe 


< 


++ 


WwW +W, 


101-150 +47,713 151-200 +27,550 
1-150 443,459 = 87.0% 1-200 471,009 = 92.3% 


947 23 H26R 36 531. 13R 16 67 
Pi +iP 942 44R 35S 58 KS +SK 530 +56 «67 
Mu + uM 925 H48S 58 38 NH +HN 518 68S 66R +56 
oa + ao 908 45 55A 55R | NM+MN 511 88S 68R 68S 

SM + MS 907 58 68R 68R | R. +.R 502 38 

NW + WN 884 38 68A 46S | R, 500 38 36 
BY + YB 883 47 38 38 Ai 499 H48A  35A 

oV +Vo 827 47 5858 YH LY 498 46S 36 35S 
ue +eu 826 34 55A 35S TB T 495 
e- +-e 810 23 25 |-a 495 25 25 35R 
a ta. 805 58 35R 35A | ji 494 H48S 
a +a, 796 58 35A 35S ¥. 494 H48R 33A 
NY + YN 782 H48S 36 DM D 493 58 68S H48R 
MP + PM 775 486 H48A 33R 
BR + RB 766 H37S H48R 68R | DY 483 45 36 34 
aK + Ka 737 56 S7R SIR | F. 476 58 34° 34 
MY + YM 753 H48S 38 F, 471 583434 
vey D. +.D 720 58 36 34 RK 468 36 47 67 rf 
D, +,D 714 58 334 PP 468 44K 33K 88K 
Du + uD 713 56334 ‘3 459 23 67 67 
HR + RH 706 36 56 DH 451 +56 66S 45 
CK + KC 703 67 47 e” +e 449 13R H15A 57S 
T™ + MT 698 38  68A 68A | .W +W. 444 38 3834 
GT + TG 697 355 46A 46S | D- +-D 441 25 H26R 34 
+0. 695 H488 354 32 | 440 38 38 34 
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APPENDIX 7. STATISTICAL USAGE OF 544 ADJACENCIES IN AVERAGE ENGLISH-—Continued 


Adja- __Usages per Motion Codes Adja- Usages per Motion Codes 
cencies 510,000 QW* DD** MM*** | cencies 510,000 QW* DD** MM*** 


DF + FD 439 55A S 44R | + uH 266 465 +56 35A 
MM 434 88K 88K 264 H26R H26R 35S 
HH +H. 434 35R |. 247 H48A 
+H, 431 35R 246 H48R 33R 38 
-o +0- 426 24A T+ T 23 H26A H26A 
YW + WY 424 34 5 H1I5SR 16 47 
Qu 421 34 68R H48R_ 68S 
DC + CD 402 57S 

DB 398 

N- +-N 397 H28R 

YC +CY 395 47 

Gi. 4+ 394 +56 

ok + Ko 378 46A 

YP + PY 372 44R 

NB + BN 371-78 

DG +GD 371 

PH 357. 46R 

s” 357 HISA 

355 

350 

350 

336 

333 

325 

323 

322 

307 

306 

306 

305 

303 

300 

299 

296 

293 

292 

290 

290 

289 

286 

284 

283 

283 

281 

277 

276 

273 

270 i 

1#T+ TI# 268 ! ‘ 137 +56 HI5R 

Ze +eZ 267 H37A_ 136 67 68S 


++++4+4 


| 


<= 
| 


+. 
+ 
+ 
+ 
+ 
+ 
+ 


201-250 + 16,819 251-300 +9,821 
1-250 487,828 = 95.7% 1-300 497,649 = 97.6% 


| 
| 
j 
Se 
4 
: 
wee 
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APPENDIX 7. STATISTICAL USAGE OF 544 ADJACENCIES IN AVERAGE ENGLISH—Continued 


Adja- Usages per Motion Codes Adja- Usages per Motion Codes 
cencies 510,000 QW* DD** MM*** cencies 510,000 QW* DD** MM*** 


2#T + T2# 136 13R H26A_ 16 VY +YV 79 «(47 38 38 
136 36 67 67 +L’ 77 H26R 47 67 
LK + KL 134 66A 47 67 RO# + O#R 24R H26A 
O#a + aO# 25 25 YO# + O#Y 23 23 
GB 124 57S H48S H48A 1#W + WI# 76 «636 18 46S 
XT 124 H37R 67 68R 24S =24R 
DI# + 1#D 123 +56 16 46R 75 66R +56 
122 S7A 44R 74 +56 47 
122 +56 25 N 74 68S H26R 
120 24R S7R 74 36 57R 
119 46S HI5R +56 73° 46A H37S 
118 S7A 68R H48S 73 33A 
118 35A 33R 73 
118 H48A 35R 33A 
117 88A H48S 
117 18 18 78 
113° 13R 25 Hi5R | O# W+ WO# 
NI# + I#N 112. 68R BJ 
O#o0 + 00# 111 24S PW 
DO# + 0#D 111 s O#H+ HO# 68 H26R H26S 
LY” +"L 110 DK +KD 67 +56 
MC +CM 108 ; 2#a +a2# 67 H15S 
KW + WK 108 a ha; 67 +56 
j 108 KB 63 67 
D2# + 2#D 63 HI5R 
63 +56 


NO# + O#N 
“B 


70 + 0; 
I#M + MI# 
N2# + 2#N 
N; +;N 
+ Wu 


i + iO# 24: 5 | O#M+ MO# 53 H28R H28S H28R 


301-350 +5,310 351-400 +3,227 
1-350 502,959 = 98.6% 1-400 506,186 = 99.3% 


“Cc 106 H17R |: SV 62 68A 68S 
?T +T? 104 38 67 K- +-K 60 H26R 27 H37S 
GP +PG 102 45 34 H48S | SQ 59 35A 67 H26A iS 
os P| 100 H28R H26R H26R | WW 59 33K 88K 44K 
98 HI7R 18 78 Dj 58+56 67 24A 
Xa +aX 97 57A STR 58 2#0 + 02# 58 14 25 HISR 
e? +?e 97 38 35R S7A 58 46A S7R 
G" +"G HI5R 14 47 58 68R 18 68S 
95 77A 47 H48s | 57 18 H26R_ 16 
‘a ta’ 93 25 S7S_| 57 68R 67 67 
+'D 93 25 67 47 57. 24S H37R H37R 
YY 92 44K 33K 33K | 56 34 58 34 
S2# +2#S 92 H1ISA H26R 16 | Lit +14L 56 66K 14 66K 
Ss; +s 92+56 67 67 | Ww +W’ 56 23 78 47 
K. +.K 90 68S H37A H37R | WB +BW 55 H37R  88A H48S 
K, +,K 90 68A H37R H37R | TV 55 H37S 
RI# +1#R 8 36 14 66R | F’ +'F ss 
‘ae I#i +il# 85 46A HiSS +56 | KH +HK 54 66A 67 
YI# +1#Y 85 46R 13S 36 NQ 54 38 H26R a 
FI# +1#F 83 +56 14 465 |S: +:8 544+56 36 67 
O# 
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APPENDIX 7. STATISTICAL USAGE OF £44 ADJACENCIES IN AVERAGE ENGLISH—Continued 


Adja- 
cencies 


Usages per Motion Codes 
510,000 QW* DD** MM*** 


Adja- 
cencies 


Usages per Motion Codes 
510,000 QW* DD** MM*** 


GIl# +1#G 
1#C 

+ PI# 
2#i + i2# 


Y2# + 2#Y 


GO# + O#G 
R2# 2#R 
R; +:;R 

F2# + 2#F 
F; 
O#P + PO# 


2#M+ M2# 
-M +M; 


51 47 
50 68A 
50 77K 
50 H48A 
50 58 
50 H26S 
50 H26S 
49 +56 
49 67 
49 +56 
48 67 
46 46A 
46 14 
46 14 
46 46R 
46 46R 
46 88R 


14 
27 
27 
25 
13R 


44 
44 
44 36 
43 27 
43 HISR 
43 +56 


401-450 
1-450 


+2,124 
508,310 = 99.7% 


46R H37S 
34 
57R 
68R 
35R 
36 
H37S 
H37A 
23 
24R 
47 
34 
H37A 
38 


30 H48R 
30 
30 
30 
30 H28A 
29 


?W 
CB 
2#B 
2#C 
:B 
C 
L? + ?L 
+M: 
-V 

FV 

I#u + ul# 


al 


+ BC 


57S H48R H48R 


451-500 +1,209 
1-500 509,519 = 99.9% 


oX 58 KP 32 78 
KM + MK 78 F? 32 47 

BB 88K 88K | 31 H37A 
?0 35A 57S | TZ +2T 30 H H26R 
D? +?D 36047 ?i 57R 
+H’ 67 57R | ?H +H? 57S 
LO# + O#L 24R H26R | .J 23 3 
KG +GK 4747 J 23 
1#B 18 68S | O# +0#, 23 ee 
14 46A | L2# + 2#L 16 
144 46R |L; 29 67 
13S 68A | R: +:R 29 67 
25 H15S | YJ 28 23 2 
23 13R | ?M +M? 27 78 
57R 57S | RJ 26 36 26S 

Y; +:;Y H37R H37R | G2# +2#G 26 HISR 24S 14 as 

N? +?N 36 G; +;G 26+56 47 47 
SJ 45+56 67 H26A | F: +:F 25+56 34 47 
ta: 45 +56 355° SIA +H: 25 66R 36 57R 
"uo +u” 44 H15S H37S | 'P 25 24R H37R_ 78 
O#B 44 H28S H28R | 'V 
24S 24 77A H48A H48R 
24R 16 24 H17R H28S 18 a 
78 244 67 «678 
24S 14 24670 AT 
4747 24 68SA 34 67 
43 24A 23 H28A- 24 o8R 38 8678 
TJ 41 36 67 H26R 24 27 38 
XH 40 67 67 58 23 57S H48R H48R 
K” +"K 40 16 77A 22 46R H15S 36 

.O# +0#. 40 H28S 23.23 22 46R 35R_ 57S 

0#0# 40 22K 22K 22K | G? +?G 22 58 34 47 
Y? +2?Y 39 H48R 33R H37S | Y: 21 46R 33R H37R 
38 78 38 38 CQ 20 H37R 24S 
iV 38 78 38 38 NX 20 78 67 68R 
D: +:D 38 +56 36 47 uX 20 47 38 

PB 37 | 20 H26R 27 23 
2#H + H2# 37. 16 H26S HISR | KO#+O0#K 20 H26A 27 
+H; 37 66R 67 57R | u0# +O#u 20 24R 25 23 

PC +CP 36 47 34 H48R | L: 4+:L 20 66A 34 67 
R? +?R 36 38 «603467 20 36 «438 «647 
36 46A [35A 57R | .’ 20 H28R H37R H37A 
N: +:N 36 68R 36 ?B 19 78 38 78 
2#W 34 13A H28A_ 14 FJ 18+56 47 24R 
34 47 2#P 18 14 23 18 
G’ +'G 33 25 «(47 18 46S H37R_ 78 
P| 33 18 H28S 18 ?C 18 78 34 47 a 
33 68R 78 78 GV 
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APPENDIX 7. STATISTICAL USAGE OF 544 ADJACENCIES IN AVERAGE ENGLISH—Continued 


Adja- Usages per QW* Motion Codes 
cencies 51,0000 QW* DD** MM*** 


TQ 33R 67 H26R 
DQ 5 35R 7 24A 
:B 67 78 
HV 67 58 
LJ 66R H26R 
:C 47 
?P 
GJ 
OFV 
YO H37R 
:P S 33R 
FO 35 47 
HJ S 67 
57S 
H26R 
H28R 


H48R 
O8A 

H48R 
25 


77R 
H17S 
H37A 
H37R 
H37A 
H37S 
27 
H17R 
H17.\ 
27 
18 
25 
57R 
33K 
22K 
13R 


501-544 +481 
1-544 510,000 = 100.0% 


2 
4 
432 J. F.1. 

i 

M\ 10 78 88R 88R 
NZ 10 78 68\ H26R 
oQ 10 34 57S 25 
RO 10 33R 47 H20S 
SZ 10 57A 68S H26A 
uu 10 44K 55K 33K 
WV 10 H37R 88A 
ee ; XS 10 57S 67 : 
XW 10 H37S 78 
Zo 10 47 58 
1 G: 10 +56 34 47 
10 H26A 77R 
| KI= 10 67 
X. 1078 38 
10 78 38 
10 38 23 
"O 10 13S 27 
10 16 27 
O= J 10 H26R 22A 
1#V 10 67 68R 
2u 10 14 13R 
10 40R H37R 
10 -22K 33K 
1018 
rig 
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Summary by Motion Codes 


Motions by motion codes: QWERT YUIOP = DVORAK-DEALEY MINIMOTION 
per per 

1000 510,000 

0 


56 
321 
0 


1,821 
23,713 
1,107 
44,443 
5,626 
60 


00 
oF OKO 


152,643 77,147 


| 
| 


50 
1,964 
827 
1,199 
17,405 


a 


115,269 


oo 


0 
0 
1 
0 
2 
4 
0 
22 


Two-handed motions 52: 332,868 
One-handed motions 77-4352 ‘ 170,498 


Total Motions 510, 510,900 510,000 
Left-handed motions 61,863 77,147 
Two-handed motions /2 133,376 166,434 169,751 


Left-handed strokes 286,019 228,297 246,898 
Right-handed motions 90,605 115,269 93,351 
Two-handed motions /2 133,376 166,434 169,751 


Right-handed strokes 223,981 281,703 263,102 


Total Strokes 510,000 510,000 


Continued on p. 436. 


13 1,650 3 746 2 e 
1,434 3 1,776 3 
1 265 0 70 0 Me 
33 37,975 75 2,500 5 . 
35 62,883 123 22,341 44 
437 18,004 35 804 2 gi. 
55 19,390 38 27,380 53 e 
57 10,603 21 6,236 12 a 
77 439 1 10 0 ae 
Left-handed motions = | 
22 0 50 0 50 . 
24 4 1,608 3 478 : 
H26 2 3,754 1,033 
H28 2 959 2 231 ._ 
44 34 10,736 21 4,268 _ 
46 21,405 42 32,145 63 34,475 _ 
H48 36,107 71 5,976 12 2,828 . 
66 3,648 rg 48,211 95 34,736 — 
68 4,466 9 10,772 21 12,941 = 
88 3,534 7 1,058 2 2,311 - 
Right-handed motions 90,605 178 ‘226 93,351 
14 891 2 967 2 190 z 
16 375 1 2,256 4 358 oF 
; 18 785 2 585 1 75 . 
23 3,724 7 710 1 1,014 a 
25 3,050 6 2,949 6 1,986 
27 608 1 120 0 40 
i 34 55,488 109 11,449 23 11,151 _ 
36 43,518 85 17,014 33 30,239 59 ae 
38 31,103 61 5,360 11 7,796 15 - 
‘ 45 45,109 88 94,629 186 67,110 132 a 
47 16,320 32 2,100 4 2,510 5 5 
56 20,769 4 146,942 288 170,929 335 : 
58 35,636 70 43,651 86 39,961 78 
: 67 5,324 10 3,541 7 5,333 11 =. 
78 4,052 8 595 1 810 2 a 
666 
334 
1000 
151 
333 
484 
183 
333 
516 
1000 


VESSLE OBLLS SSLVL BSSTL BLLETT ZS 


a 
: 


sv 
ss 
49 
49 


EEL 


S38 


gig § 


egg 
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oT 
92 
wW 
96 
vLT 
982 
VLSOT 
062 
ot 
469 
£09 
90ST 
89T 
ras 


908 
682 
OOST 
$29 
O92T 
ot 
VST 
ses 
ste 
vL 
8T 


sts 
96T 
Loe 
vs 
oT 
90ST 


: 


PISS GLOST 266% 68ST 906 

SOSPT OST GOTS SOS IST 928 688T SITS 

LS6T OOOOT OLLY 846 906 Tesh 

® Qn H MOA n ° 

(12303 000'0Z0'T 20} 291M} pue 4043930} pappe (1H se) Aouaoefpe YoRe Jo OM} YIM) 


SHAOAULS 000‘0Is UAd ‘HSITONA AOVAAAV NI SAIONAOV(AV GNV ATONIS AO AOVSN IVOILSILVIS ‘8 XIGNAddV 


2 239 8 8 : 
g Base : 
S22 sz ig 


g 


joss 


VETTE SSS GOL GOL STPT GOST TEST 690S 


w 


a 


Qa 
< 
& 
= 
Z 
— 
& 
Z 
= 
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Teo gees 106 
46 OSST PTE 
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SOK 
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Fingering of one handed motions: 
QWERT YUIOP) DVORAK-DEALEY MINIMOTION 

per per 
510,000 510,000 


Non-hurdles, left 9,065 4,377 
17,766 7,268 
56,296 17,975 k 
49,813 29,593 : 26,169 


132,940 59,213 75,719 


5,988 2 10,620 11,028 
6,556 ‘ 9,869 10,134 
19,894 49,706 34,309 
20,034 K 34,385 33,788 


Non-hurdles, right 


104,580 205 89,259 

14,997 

17,137 

67,681 

69,847 63,978 


Non-hurdles, total 


185,412 : 163,793 : 164,978 
262 


644 
522 


1,428 
1,100 


1,315 
1,677 


Hurdles, left S 6,456 
12,106 
1,141 


19,703 


| 
| 
| | 


| 


Hurdles, right 


| 
| 


| 


4,092 


bo 


12,927 2,842 1,362 
28,063 3,227 1,959 
2,199 


Hurdles, total 


13,339 5,520 


Total one-handed 15,053 : 7 : 15,053 
37,249 20,691 

104,253 2 70,908 : 72,598 

86,693 71,248 ‘ 62,156 

243,248 177,132 : 170,498 

Total, two-handed 266,752 52! 332,868 339,502 


510,000 510,000 510,000 


Total Motions 


| 

148 

20 
R 66 : 

5 

A 138 
R 117 

323 

23 852 1 

ik 2 1,064 1 bee 

= 
| 38 2,650 3 

S 6,471 13 2,108 2 

15,957 31 2,375 3 

R 15,705 31 6,206 3 

38,133 75 10,689 || 8 

S 3 

A 4 

R 4 

57,836 113 11 

30 

142 

121 

1 

f 
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NOTES FROM THE NATIONAL BUREAU OF STANDARDS* 


SUBMINIATURIZATION OF INTERMEDIATE FREQUENCY AMPLIFIERS 


In military applications of miniature electronic systems, ease of 
mass production is as important as reduction in size. This requirement 
has motivated the search for new techniques and materials to use in 
the manufacture of electronic equipment. The National Bureau of 
Standards, under the sponsorship of the Bureau of Aeronautics, Depart- 
ment of the Navy, is engaged in adapting these techniques to the pro- 
duction of more complicated subminiature electronic devices, such as 
broad-band, high-gain, intermediate-frequency amplifiers for aircraft 
and missiles. 

The intermediate-frequency amplifier chosen for miniaturization 
embodies a type of critical circuit layout that presents the most typical 
problems. The miniaturized amplifier was designed to have (a) eight 
stagger-tuned intermediate-frequency stages, a detector, a video am- 
plifier, and a cathode-follower output circuit; (6) more than 95 decibels 
gain from the intermediate-frequency input to output of the detector; (c) 
manual and automatic gain control; (d) a 60-megacycle center frequency 
and a band-width of 10 megacycles; and (e) an assembly readily adapta- 
ble to mass-production methods. 

Two methods of fabrication were employed in the construction of 
miniaturized intermediate-frequency amplifiers. One unit was devel- 
oped using a maximum of miniature component parts based on standard 
design, whereas a second assembly used a maximum of printed circuits. 

In the development of high-temperature printed resistors, simple 
high-capacity printing equipment for establishing the circuitry on the 
special cylindrical ceramic parts has been designed and constructed. 
Conductive decalcomanias have been developed as an alternate method 
of applying the required multiple circuit elements. 

Other production jigs and techniques to facilitate the production of 
the intermediate-frequency amplifier have been developed for greater 
mechanization of printed circuit processing. Experience gained on this 
development program points the way toward even smaller and lighter 
printed and miniature component assemblies. 


HELIUM DISAPPEARANCE IN ARC DISCHARGE TUBES 


Electron tubes filled with a noble gas such as argon, neon, or helium 
are now widely employed in many kinds of electronic equipment, and 


* Communicated by the Director. 
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the problem of gas disappearance in these tubes is of considerable im- 
portance. This tendency of filler gases to disappear from the tube 
volume is known as ‘‘clean-up” and is generally thought to result from 
the bombardment of negatively charged electrodes by high-velocity 
positive gas ions that penetrate the metal surfaces and become perma- 
nently trapped. 

The National Bureau of Standards has been carrying on a study of 
clean-up phenomena in a specially designed discharge tube with a 
replaceable tantalum probe wire to collect the positive ions. During 
operation, the rate of gas clean-up is measured for various negative 
direct-current potentials on the probe in the presence of an arc discharge. 
In addition to the probe wire, this helium-filled discharge tube employs 
an oxide-coated cathode and a nickel anode. 

With a known tube volume, the total number of ions trapped during 
a test run may be computed from the observed drop in pressure, 
whereas the number of ions striking the probe can be found directly 
from the observed probe current. These data have been used to con- 
struct a graph that illustrates the dependence of clean-up on probe 


voltage. 


A PRIMARY HIGH-FREQUENCY VOLTAGE STANDARD 


The National Bureau of Standards is developing primary standards 
of voltage for radio frequencies up to several hundred megacycles. 
Precision voltage standards are urgently needed by communications 
services and research groups in the adjustment of many laboratory and 
field instruments operating at high frequencies. 

The Bureau has concentrated on methods of measuring single- 
frequency voltages directly in terms of a standard direct-current cell. 
Specific techniques have been chosen for best time-efficiency and accu- 
racy over the widest range of voltage and frequency, without using 
frequency corrections. Reliability has been achieved by cross-checking 
the results of several independent methods based on different principles. 
Reproducibility of results and agreement between individual primary- 
standard methods is required within + 1 per cent, since measurements 
to that accuracy are considered to be of good precision in the high- 
frequency region. 

One of the techniques developed by the Bureau that satisfactorily 
meets the basic requirements for a primary standard is the voltage- 
measuring bolometer bridge, utilizing the dependence of bolometer 
resistance on power dissipation. In this method, a direct-current bridge 
with a bolometer in one of its legs is first balanced on direct current. 
Radio-frequency power is then substituted for some of the direct-current 
power and the bridge is rebalanced. The amount of radio-frequency 
power equals the difference in direct-current: power required for balance 


in each case. 
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EFFECTS OF ACID TREATMENT ON ABRASION AND ACID 
RESISTANCE OF PORCELAIN ENAMELS 


Recent work at the National Bureau of Standards has revealed the 
effects of acid pretreatment of porcelain enamels upon their acid and 
abrasion resistance. Studies were made to compare the relative effects 
of hydrochloric, acetic, butyric, and citric acids on a number of enamels. 
These studies indicate that acetic acid is much less corrosive than hydro- 
chloric and citric acids; moreover, treatment with acetic or butyric acid, 
which produces only minor visible attack, strongly inhibites further 
attack when the specimens are subsequently treated with citric acid. 
By comparison, citric acid severely attacked the untreated areas of the 
same enameled specimens. In other tests, the resistance of certain 
enamels to abrasion was appreciably reduced after they had been 
treated with any of the acids. 

Both effects, the increase in acid resistance and the decrease in 
abrasion resistance, may be explained by the hypothesis that a silica- 
rich film is formed on the enameled surface by the acetic and butyric 
acids. This layer is then resistant to further attack even by citric or 
stronger acids. However, it is less resistant to abrasion than the 
original surface. 

The increased use of titanium-type enamels and the sensitivity of 
these enamels to attack by abrasion after treatment with acid, as 
compared with antimony-type enamels, indicates that an abrasion 
treatment should be incorporated in the standard test for acid re- 


sistance. 


IMPROVEMENT OF LABORATORY GAS BURNERS 


Marked improvement in the performance of laboratory-type gas 
burners with natural gas has been accomplished through design changes 
worked out at the National Bureau of Standards. Basic principles of 
gas-burner design and analysis of the operating characteristics of com- 
mercial and experimental burners were applied. ~ 

The difference in flame characteristics between natural and manu- 
factured gas necessitates the alteration of all gas-burning appliances 
when a change in supply is made. The exacting requirements of 
Bunsen and similar types of laboratory burners, however, have made 
it much more difficult to convert these devices to the use of natural gas 
than has been true of domestic appliances. Even those burners adver- 
tised as designed for natural gas have not proven satisfactory. Eight 
Meker type and eight straight-tube Bunsen burners were examined in the 
Bureau’s gas chemistry laboratory and the changes required for satis- 
factory operation determined. 

These changes included an increase in the primary air opening to 
21 times the port area and, in the Meker burner, enlargement of the 
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port area to 2} times the throat area. The orifice should also be of 
sufficient size to give the maximum gas rate when fully opened and the 
needle valve used only to reduce the flow of gas. Only after these 
adjustments had been made did the burners reach their maximum heats 
of 10,000 Btu. per hour for Meker types and 5,000 Btu. for straight-tube 
types. As a result of this research, several manufacturers are rede- 
signing their burners and the improved appliances will be available in 
the near future. 


STABILITY TEST FOR ADDITIVE-MOTOR OILS 


A new evaluation test for lubricating oils with additives, which 
simulates the characteristic deposits found in engine tests of motor oils, 
has been developed in the National Bureau of Standards’ lubrication 
laboratory. The method has several advantages over the present 
testing procedure, which requires disassembly of the test engine and an 
examination of its parts. It employs simple laboratory apparatus, is 
time saving, is less expensive, and eliminates the fuel variable that 
results from contamination of the oil by the engine fuel. Most im- 
portant, it gives a quantitative as well as visual rating of an oil. 

The new test method consists essentially of circulating the oil sample 
over a heated steel strip in a thin film quite similar to the oil film on an 
engine cylinder wall. The difference in weight of the strip before and 
after the test provides a numerical indication of the amount of deposit 
formed. 

In general, the oils used in the Bureau’s investigation are in com- 
mercial production and have a considerable background of service 
performance. They include oils with no additives, premium-type addi- 
tive oils containing inhibitors and/or detergents, and full heavy-duty 
oils containing additives. Data obtained with the new test, therefore, 
give a sensitive indication of the effectiveness of inhibitors, detergents, 
and their combinations. 


SAMPLING PLAN REDUCES INSPECTION COSTS 


Whenever industrial and agricultural products are purchased in 
quantity, the buyer must employ some sort of inspection procedure to 
determine whether or not the material meets the specified standard of 
quality. The extent of this inspection will depend on the nature of the 
material and may range all the way from a rough appraisal based on an 
examination of a few items to the complete inspection of each item. 
The decision to accept or reject a given lot of material is often deter- 
mined by the average quality of a random sample taken from the lot. 
Whenever such a routine acceptance test is conducted, any way of 
reducing the amount of inspection, and therefore the cost, is worth. 


exploring. 
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The Statistical Engineering laboratory of the National Bureau of 
Standards has developed a modified double sampling plan that makes 
possible a saving in the average amount of inspection from 20-40 per 
cent. In this new plan, the regular testing procedure is interrupted 
after a predetermined number of units have been examined. The 
material is accepted if the test results at the time of interruption fulfill 
the criteria of a simple rule that requires neither computation nor the 
use of tables. If the material does not pass this test, the inspection is 
completed in the usual manner. In either case, the inspection procedure 
itself remains unchanged. 

The modified double sampling plan developed ai the National 
Bureau of Standards is a substitute for the usual single sampling plan 
that does not alter the sampling itself or require additional computation. 
In this new plan the same number of units is drawn as in the single 
sample case, but the regular testing procedure is interrupted after a 
fixed number of items have been tested. If a predetermined number 
of these test results individually exceed the acceptance value of the 
original plan, the material is immediately accepted and testing stopped. 
If less than the required number meet the acceptance value, testing is 
completed in the usual way and the individual test results are averaged. 
Acceptance or rejection then depends on whether or not this average 
exceeds the acceptance value. 

The chance that material of a given quality will be accepted under 
the modified double sampling plan is thus slightly larger than on the 
original single sample plan, since there will be some samples which have 
the required number of items exceeding the acceptance value at the 
point where inspection is interrupted, but which, if completely inspected, 
would have yielded an overall average below the acceptance value. 
This increase in the chance of acceptance is desirable when the general 
quality of the material under inspection is known to be good. It is 
undesirable when the quality is bad, and this slight increase in the 
chance of accepting bad material is the price to be paid for reducing the 
average amount of inspection without disturbing existing routines. 

No sampling plan can guarantee the rejection of unserviceable 
material, but the chance of accepting such material can be made as 
small as desired by properly choosing the acceptance value and the 
number of units to be tested. i 
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THE FRANKLIN INSTITUTE. 


MEDAL DAY MEETING 
WEDNESDAY, OCTOBER 19, 1949 


The Annual Medal Day Exercises of The Franklin Institute were held on Wednesday, 
October 19, 1949 in the Benjamin Franklin Memorial Hall. ‘There were approximately 300 
persons who attended the dinner and the presentation of the awards. Twenty three of our 
former medalists were among the guests present. 

Prior to the dinner, a reception in honor of the 1949 Medalists was held in the rooms 
adjoining the Memorial Hall. 

The Medal Day Exercises opened with Mr. Guy Marriner, Director of Music at The Frank- 
lin Institute, playing the National Anthem. Mr. Richard T. Nalle, President, officiated at the 
ceremonies. 

The Stated Monthly meeting of The Franklin Institute was held in conjunction with the 
Medal Day Exercises but the minutes of the previous meeting were not read since they had 
been printed in full in the JourNAL. Mr. Nalle reported that Dr. Svedberg had been nomi- 
nated by the Board of Managers for Honorary Membership in The Franklin Institute, he 
therefore presented his name to the membership for voting. A motion:was made, approved 
and carried out in parlimentary procedure and Dr. Svedberg was elected to Honorary Member- 
ship in The Franklin Institute. 

Two of our honored medalists, Dr. The Svedberg of Sweden, and Dr. William Hume- 
Rothery, of England were unable to be present and their awards were presented in absentia. 
Mr. Ingemar Haggléf, Counselor of the Swedish Embassy in Washington, received the award 
for Dr. Svedberg and Dr. W. A. Macfarlane, Scientific Attaché of the British Embassy re- 
ceived the award for Dr. Hume-Rothery. 

Mr. William Hulse Millspaugh had arrived in Philadelphia with the hope of being present 
at the presentation of his award but was stricken seriously ill and taken directly to the hospital. 
Dr. Henry B. Allen, Executive Vice President and Secretary of the Institute, acted as Mr. 
Millspaugh’s proxy. 

Dr. Allen presented a short paper on “The Franklin Institute in 1949” and Mr. J. Burton 
Nichols delivered Dr. Svedberg’s address ‘‘Giant Molecules in Solution.’” These papers and 
the entire proceedings will be printed in full in a subsequent issue of the JOURNAL OF THE 
FRANKLIN INSTITUTE. 


PROGRAM 


Reception for Medalists THe Hostess COMMITTEE 
Assembly in Franklin Hall... ..... Upon gong signal at seven-ten 
National Anthem Guy MARRINER 
..... MEDALISTS, OFFICIALS AND GUESTS 
Toast to Benjamin Franklin........... eae _.RicHArRD T. NALLE, President 
Greetings......... THE PRESIDENT 
October Stated Meeting of The Institute THE PRESIDENT PRESIDING 
Introduction of Former Medalists.......... roe THE PRESIDENT 
The Institute in 1949 .........Henry B. ALLEN, Secretary 
Presentation of Awards THE PRESIDENT 
Presentation of Dr. Svedberg’s paper on ‘“‘Giant Molecules in Solution”’ 
(Read by Dr. J. Burton Nichols, in the absence of Dr. Svedberg.) 
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MEDALISTS 


To be Awarded Longstreth Medals (1890) 


ARTHUR M. YOUNG 
New York City, New York 


WILLIAM H. MILLSPAUGH (in absentia) 


President and Director, Centrifugal Steel, Inc. 
Sandusky, Ohio 


‘To be Awarded Potts Medals (1906) 


JoHN WILLIAM MAUCHLY 
_ President, Eckert- Mauchly Computer Corpora- 


tion 
Philadelphia, Pennsylvania 


J. PRESPER ECKERT, JR. 
Vice Eckert-Mauchly 
Corporatio; 
Philadelphia, 
CLINTON RICHARDS HANNA 


Associate Director of Research 
Westinghouse Electric Corporation 
Pittsburgh, Pennsylvania 


‘To be Awarded a Levy Medal (1923) 


ALAN STEWART F1tZGERALD 


Consulting Engineer 
San Francisco, California 


Computer 


‘To be Awarded a Henderson Medal (1924) 
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COMMITTEE ON SCIENCE AND THE ARTS 
(Abstract of Proceedings of Stated Meeting held Wednesday, October 12, 1949.) 


HALL OF THE COMMITTEE, 
PHILADELPHIA, OCTOBER 12, 1949. 


Mr. W. LAURENCE LEPAGE in the Chair 


The following reports were presented for final action: 


No. 3196: Work of Merle A. Tuve on the Proximity Fuze Development. 
This report recommended the award of a Howard N. Potts Medal to Merle A. Tuve, of 


Washington, D. C., 


“In recognition of the scientific insight exhibited in the conception of the 


VT Proximity Fuze and of the administrative ability and practical good judgment shown in 
the supervision of its development and engineering design.” 


No. 3200: 20,000,000-Volt Betatron. 


This report recommended the award of a John Price Wetherill Medal to Donald William 


Kerst, of Urbana, Illinois, ‘‘In consideration of his contribution to the theory of the Betatron 
and the practical application of the theory to the construction of the first satisfactory workable 


machine, and his subsequent work in this field.” 
JOHN FRAZER, 


Secretary to Committee. 
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THE FRANKLIN INSTITUTE 
MUSEUM NOTES 
RADIOSONDES 


The weather is always with us but beyond keeping an umbrella and rubbers within con- 
venient range, few of us do much else about it. However, weather is a matter of primary 
importance to some people and their needs justify the development of methods for securing 
more comprehensive and accurate data. An interesting feature of modern meteorological 
investigation is the radiosonde, a combination of devices for obtaining information on condi- 
tions prevailing at altitudes up to more than 100,000 ft. The information thus obtained may 
have an immediate use or it may be required for comparative purposes in the assembly of 
data to provide a basis for forecasts. 

The immediate uses for information of this nature will be recognized as of high importance 
for aviation, especially in relation to jet propelled aircraft. Not so obvious is the need for 
the artillerist whose projectiles may rise above surface conditions and who must know the 
conditions prevailing at the altitudes through which the projectile must travel. Knowledge 
of this nature is imperative to permit correction of gun sighting. 

The Signal Corps of the United States Army is responsible for the collection and dis- 
semination of meteorological data and the Evans Signal Laboratory at Fort Monmouth, N. J. 
has made some impressive improvements in the radiosonde, the assembly of measuring devices 
sent into the upper air. The Evans Laboratory has designed and built a special exhibit for 
the Museum which illustrates the progressive steps in the development of the instruments and 
the construction and use of the radiosonde now employed by the Signal Corps. The exhibit 
shows very clearly what rapid strides have been made in the improvement in the device during 
its twenty years of existence. 

The dispatch of human agents into the upper air by means of balloon or other aircraft 
is an expensive undertaking not unaccompanied with danger. There is, too, a somewhat 
restricted ceiling. The purpose of the radiosonde is to render unnecessary any human flight 
into the air. The attainable ceiling is accordingly very much elevated. 

The radiosonde now in use has been carried to altitudes exceeding 100,000 ft. The 
desirable ceiling is about 150,000 ft. and the additional distance presents a problem out of 
all proportion. When one realizes that the diminishing air pressure implies a proportional 
expansion of the gas within the balloon it will be seen that the greatest obstacle to increasing 
the altitudes te which a gas-filled balloon may ascend resides in the difficulty of finding an 
elastic fabric for the balloons. 

Any radiosonde system dispatched into the air must convey its own means for making 
measurements and for transmitting the results obtained to a receiving station, since the chance 
of recovering the instruments uninjured is small. The device developed by the Evans Lab- 


oratory is a marvel of compactness and comprises the radiosonde (which is the assembly of 


measuring instruments), a power source, balloon, parachute and, under conditions of high or 
gusty winds, a launching wheel in addition to the component parts of the permanent station 
equipment. The latter comprises a meteorological direction-finder which tracks the radio- 
sonde, and a recording apparatus for making a permanent record of the data emitted by the 
measuring instruments. : 

The instruments carried into the upper air by the radiosonde assembly are very tiny but 
they are capable of accurately measuring five meteorological quantities—atmospheric pressure, 
temperature, relative humidity, wind velocity, and direction. All of these data are collected 
ona single ascent, and transmitted by a battery-powered radio transmitter to the ground station 
where they are automatically recorded. 

At the present time radiosondes are released twice daily from seventy different places in 
this country. Each one faithfully records the local conditions but all gathered together 
furnish data upon which more general pictures of the weather may be built and forecasts made. 
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THE FRANKLIN INSTITUTE LABORATORIES FOR RESEARCH 
AND DEVELOPMENT 


Abstract of Measurement of the Spin of a Projectile in Flight..—-Howarp D. WarRsHAW.? 
Projectile spin is measured by recording the voltage generated in a pick-up coil as the rotating 
field of a transversely magnetized projectile passes the coil. 

A permanent magnet within a brass sleeve (for magnetic insulation) is inserted in a 
projectile of mild steel. Rotation of the projectile as it passes the pick-up coil generates a 
sinusoidal e.m.f. which is displayed on the screen of a cathode-ray tube and photographed for 
subsequent analysis. Figure 1 shows the laboratory setup and a block diagram of the as- 


Fic. 1. Gun, pick-up coil, and recording equipment (pick-up coil viewed from above). 


sociated equipment used for measuring and recording projectile spin. The pick-up coil 
consists of insulated copper wire, wound on a rectangular coil form which is positioned ‘so 
that its long sides are parallel to the line of flight. As the rotating projectile passes the coil, 
a voltage is generated in that side of the coil nearest the line of flight. Any voltage generated 
in the opposite side of the coil will reduce the signal output, which is the difference in voltage 
generated in the two sides. However, the signal reduction is negligible since the intensity 
of the magnetic field due to the projectile is negligible at the far side of the coil. 

The signal output of the coil is passed through a pre-amplifier and then to the vertical 
deflection amplifier of a Dumont, Type 208B, cathode-ray oscilloscope. The over-all voltage 


Fic. 2. Cut-away sketch of projectile. (A) Cold-rolled steel projectile. (B) Magnetic 
insulator (brass sleeve). (C) Magnetized insert (hardened drill rod). 


amplification of the system is approximately 10,000. The oscilloscope, modified for single 
sweep, is triggered by a switch in the breech mechanism of the gun. Permanent records are 
obtained by photographing the trace that appears on the screen when the projectile passes the 
coil. 


Paper based on work done for the Office, Chief of Ordnance, Department of the Army. 
Published in The Review of Scientific Instruments, Vol. 20, No. 7, July, 1949. 

? Research Engineer, The Franklin Institute Laboratories for Research and Development, 
Philadelphia 3, Pa. 


f 
4 
i 
1 
i j 
ia" 
Cc 
8 
A 
Sars, 
Vii 
ia 
ZA 
j 


446 THe FRANKLIN INSTITUTE {J. F. 1. 


The caliber 0.50 projectiles used in these tests were made of cold-rolled steel. This 
material has high magnetic permeability but low retentivity. A satisfactory design was 
evolved in which a hardened steel insert was magnetically insulated from the projectile, as 
shown in Fig. 2. 

Figures 3 and 4 are photographic records obtained with the equipment described, Cal- 


Fic. 3. Oscilloscope record of projectile spin. 


Fic. 4. Oscilloscope record of projectile spin. 


culations based on the linear velocity of the projectile and the rifling twist in the gun indicate 
that the projectile should execute two full revolutions while passing the pick-up coil. In Fig. 
3, it may be seen that two complete sine waves of voltage were generated in the pick-up coil. 
However, due to the spurious signal that preceded the desired signal, the base line of the sine 
waves is not parallel to the zero-signal base line (at the extreme left end of the trace). The 
true base line is midway between, and parallel to the lines joining the peaks of the sine waves. 
Thus, the number of revolutions of the projectile as it passes the coil may be determined. 

In Fig. 3, it should be noted that the signal started and ended at zero voltage. Ap- 
parently, the magnetized insert in the projectile was normal to the plane of the coil when 
passing the leading and trailing edges of the coil. Occasionally, this condition may be du- 
plicated, provided the projectile is accurately positioned in the gun prior to firing. However, 
this is not a necessary prerequisite, since in Fig. 4 the number of revolutions was determined 
accurately, even though the insert was in a position to generate a voltage as it passed the 
leading edge of the coil. As shown on the photograph, it is necessary to extrapolate the signal 
to the point on the trace at which the insert passed the leading edge of the coil. 

Although angular velocity was not measured, it may be obtained simply by the addition 
of time-markers to the oscillograph trace. This could be accomplished by modulating the 
intensity of the trace with pulses of a known frequency. 

Engravings loaned through the courtesy of The Review of Scientific Instruments. 


JOURNAL OF THE FRANKLIN INSTITUTE 


The following papers will appear in the JoURNAL within the next few months: 
JacoBsen, Lypik, R. L. EvALDson anp R.,S. Ayre: Response of an Elastically Non-Linear 


System to Transient Disturbances. 
Moon, PARRY AND DoMINA EBERLE SPENCER: A Modern Approach to Dimensions. 
Fano, Rosert M.: Theoretical Limitations on the Broadband Matching of Arbitrary Im- 


pedances. 
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Fano, Rospert M.: A Note on the Solution of Certain Approximation Problems in Network 
Synthesis. 

SILBERSTEIN, LupviK: Developable and Developed Silver Halide Grains. 

Miniamioz1, K. aNnp H. Oxuso: A Note on the Notch Effect of Metals. 

Roop, WENDELL P.: The Part of Octahedral Theory in the Study of the Plasticity of Metals. 

LEITNER, A., AND R. D. SPENCE: The Oblate Spheroidal Wave Functions. 


LIBRARY 


The Committee on Library desires to add to the collections any technical works that 
members would wish to contribute. Contributions will be gratefully acknowledged and placed 
in the library. Duplicates received will be transferred to other libraries as gifts of the donor. 

Photostat Service. Photostat prints of any material in the collections can be supplied 
on request. The average cost for a print 9 X 14 inches is thirty-five cents. 

The Library and reading room are open on Mondays, Tuesdays, Fridays and Saturdays 
from 9 A.M. until 5 p.M.; Wednesdays and Thursdays from 2 P.M. until 10 P.M. 

RECENT ADDITIONS 
ARCHITECTURE AND BUILDING 
Dietz, ALBERT GEORGE HENRY. Materials of Construction. 1949. 
Drake’s Householders Cyclopedia. 1948. 
ASTRONOMY 


MENZEL, DonaLD H. Our Sun. 1949. 
WaLpMEIER, M. Einfiihrung in die Astrophysik. 1948. 


BIBLIOGRAPHY 


BorFiTo, GuISEPPE. Bibliografia Galileiana, 1896-1940. 1943. 
KimBaLlL, ALIcE H. Bibliography of Research on Heavy Hydrogen Compounds. 1949. 
MIKULASCHIK, W. Die Dissertationen der Eidgenossischen Technischen Hochschule, 1909- 


1946. 1948. 
CARTOGRAPHY 


Brown, LLoyp A. The Story of Maps. 1949. 
CHEMISTRY AND CHEMICAL TECHNOLOGY 


Biom, A. V. Organic Coatings in Theory and Practice. 1949. 

CouEN, A. Rationelle Metallanalyse. 1948. 

FEIGL, FREmpRICH. Chemistry of Specific, Selective and Sensitive Reactions. 1949. 
VILBRANDT, FRANK CarRL. Chemical Engineering. Third Edition. 1949. 

WEISSBERGER, ARNOLD. Physical Methods of Organic Chemistry. Second Edition. 1949. 


ELECTRICITY AND ELECTRICAL ENGINEERING 
CHERRY, CoLtn. Pulses and Transients in Communication Circuits. 1949. 
_ ENGINEERING 
INSTITUTE OF Puysics. The Measurement of Stress and Strain. 1948. 
GEOLOGY 


LANE, FERDINAND C. The World’s Great Lakes. 1948. 
WISLER, CHESTER OWEN AND BRAKER, E. F. Hydrology. 1949. 


MARINE ENGINEERING 
Gipson, CHARLES E. The Story of the Ship. 1949. 
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MATHEMATICS 
BANACH, STEFAN. Theorie des Operations Lineaires. 1932. 
FueTeER, Rupo_r. Analytische Geometrie der Ebene und des Raumes. 1945. 
GREEN, S. L. The Theory and Use of the Complex Variable. 1945. 
Ostrosk!, A. Vorlesungen uber Differential und Integralrechnung. First Volume. 1945. 
Rapo, Trsor. Subharmonic Functions. 1949. 
Reppick, HARRY WILFRED. Differential Equations. Second Edition. 1949. 
ScHOUTEN, J. A. AND KULK, WOUTER VAN DER. Pfaff’s Problem and Its Generalizations. 


1949. 
STIEFEL, Epwarp. Lehrbuch der Darstellenden Geometrie. 1947. 
WIENER, NorBERT. Extrapolation, Interpolation and Smoothing of Stationary Time Series. 


1949. 
ZwinGGI, ERNsT. Versicherungsmathematik. 1945. 


MECHANICAL ENGINEERING 
Spotts, M. F. Design of Machine Elements. 1948. 
METALLURGY 


PaGE, SypNEY F. Fine Surface Finish. 1949. 
ZAPFFEE, CARL A. Stainless Steels. 1949. 


OPTICS 
CHEVALLIER, CHARLES Louis. Le Conservateur de la Vue: 1820. 
PHARMACY AND PUBLIC HEALTH 
FAIRHILL, LAWRENCE T. Industrial Toxicology. 1949. 
PHYSICS 


Bour, NriELs. The Penetration of Atomic Particles Through Matter. 1948. 

Rost, HERBERT. Die Valorisation der Materie. 1948. 

RotHMan, S. C. Constructive Uses of Atomic Energy. 1949. 

VILLARCEAU, A. J. Recherches sur le Mouvement et la Compensation des Chronométres. 


1862. 
PLASTICS 


Harm, G. anp ZaDE, H. P. Welding of Plastics. 1947. 
SCIENCE 
WHITTAKER, EpMuUND. From Euclid to Eddington. 1949. 


BARTOL RESEARCH FOUNDATION 


Abstract of The Detection of Heavy Particles in the Primary Cosmic Radiation.*— 
M. A. PoMERANTZ! AND F. L. HEREFoRD.! A new technique, involving a coincidence train 
of Geiger-Mueller counters filled at low pressure, has revealed the presence of heavy nuclei 
in the primary cosmic radiation. ‘The method exploits the dependence of the probability of 
discharge of a Geiger-Mueller counter upon the nature of the gas filling and renders it feasible 
to resolve the various components of cosmic radiation. By comparing results obtained under 
different conditions, it has been determined that the primary radiation at 52° N consists 
approximately of two-thirds proton, one-third a-particles, and a small amount of heavier 
nuclei. The experiments are still in progress and should lead ultimately to a complete quanti- 
tative resolution of the cosmic radiation throughout the atmosphere. 


* Letter to the Editor in the Physical Review, October 1, 1949. 
1 Physicist, Bartol Research Foundation of The Franklin Institute, Swarthmore, Pa. 
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Abstract of Summary of Bartol Cathode Work.*—W. E. DanrortH.! The Bartol pro- 
gram, sponsored by the Bureau of Ships, consists in the carrying out of such investigations 
concerning thoria and similar cathode materials as are pertinent to magnetron development. 
Thermionic emission, pulsed and d-c., is continually being studied. One objective, among 
others, is to establish the picture regarding emission activation, a matter which has primary 
importance in the temperature region below 1500° C. Composite results for well-activated 
cathodes from several laboratories are in fair agreement with a Richardson curve in which 
A = 0.33 and ¢ = 2.0. 

Direct current from thoria is limited to approximately 5 amp./cm.? by decay, and in- 
vestigations of this subject are continuing. No short time decay of 10° sec. time constant, 
as often observed with BaSr oxide, is present, the smallest time constant being some tenths of 
one second, a fact which recommends thoria for long pulse applications. 

Rates of evaporation, and of disappearance of the material with passage of current, have 
been measured and the observations are continuing. On the basis of evaporation alone a 
coating of 1 mil thickness will completely evaporate in 350 hr. at 1800° C. (true), a temperature 
where the primary thermionic emission is 14 amp./cm.?_ At 1650° true temperature, where 
the primary emission is about 5 amp./cm.*, the evaporation life is 4000 hr. per mil thickness. 
The passage of high d.c. accelerates the disappearance, preliminary results indicating that for 
coatings the passage of 1 amp./cm.? decreases the life by a factor of 2, a figure which is roughly 
independent of temperature. 

Studies of electrical conductivity of sintered thoria at high temperatures and high vacua 
are being pursued. Present results are confined to moderate vacua of about 0.5-1 X 1075. 
Activation phenomena occur. A resistance as low as 20 ohm-cm. at 1000° C. has been ob- 
tained by high current activation. A sealed-off and gettered vacuum furnace for these studies 
has been built and preliminary tests are being made. 

Thermionic emission studies have been made with thoria plus numerous-admixtures, none 
of which, to date, has increased its emission. Studies have also been made with coated 
cathodes of ZrC, TaB, TaC, and TiC, among which ZrC is the most interesting, its emission 
exceeding that of thoria in the temperature region below about 1400° C. 

A 10-cm. high powered pulsed magnetron, with a structure permitting cathode replace- 
ment, is being developed. 


Abstract of Zirconium Carbide as a Thermionic Emitter.*—R. E. Happap,! D. L. Gotp- 
WATER,! AND F. H. MorGANn.! The thermionic emitting properties of zirconium carbide (one 
of several materials under investigation) are reported. Values obtained are 


A = 0.2-0.5 amp./deg. k’cm.? 
= 2.1 (6) volts. 
For the Richardson equation 
I, = ATs", 
b 11,605. 


At 1500° C;, stable emission of 0.6 amp./cm.’, d.c. is obtained. At 1700° C,, 6 amp./cm.? 
currents are obtained with microsecond pulses. 

The spectral emissivity of ZrC has been obtained, and is essential to interpreting pyro- 
meter readings. The value obtained is 0.96 + 0.04. 


* Paper given at ONR Conference in Washington, D.C., August 8, 1949. 

1 Assistant Director, Bartol Research Foundation of The Franklin Institute, Swarth- 
more, Pa. 

* Letter to the Editor appearing in the Journal of Applied Physics, September, 1949. 

1 Junior Chemist, Electrical Engineer and Junior Physicist, respectively, Bartol Research 
Foundation of The Franklin Institute, Swarthmore, Pa. 
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NOTES FROM THE BIOCHEMICAL RESEARCH FOUNDATION 


APPLICATION OF A SEMI-QUANTITATIVE ESTIMATION OF NITROGEN 
AND OTHER ELEMENTS IN ORGANIC MICROANALYSIS* 
BY 
WILLIAM G. BATT 


When organic nitrogen samples are brought into the microchemical 
laboratory at least one of the following analyses is required: (1) quali- 
tative; (2) semi-quantitative, whereby an approximation is arrived at 
rather quickly; (3) quantitative, whereby the amount of nitrogen is 
determined to the decimal point. 

The qualitative determination of the presence or absence of nitrogen, 
sulfur, and the halogens is an important step in the identification of an 
unknown substance. Not only is this information useful in itself but 
other steps in the identification procedure depend upon it. This step 
is essential when dealing with unknown samples, for it is wasted effort 
to spend probably an hour on a quantitative determination when a 
simple screening test may eliminate additional work by proving the 
absence of nitrogen. Among the methods mostly used for the elemen- 
tary detection are those developed by Lassaigne, using molten sodium; 
Castellana, using magnesium and potassium carbonate; and Emich 
using lime and copper powder. 

When nitrogen is present it is not always expedient to run an analysis 
by Kjeldahl’s method, because not all nitrogenous compounds are 
easily broken down, for example, the pyrimidines and nitro compounds, 
and because the ultimate analysis by Dumas’ method requires nearly 
an hour. Analysis by ter Meulen’s method of the hydrogenation of 
nitrogen compounds with a catalyst (nickel) requires a high degree of 
experience. 

A semi-quantitative method makes it possible not only to determine 
the approximate amount of nitrogen present, which may be all the 
information required, but it also serves the purpose of enabling the 
analyst to estimate better the amount of sample that should be used 
if and when a fully quantitative result is necessary. 

The practical value of semi-quantitative estimation in inorganic 
chemistry has been emphasized by Benedetti-Pichler (5) and Swift (9) 
but apparently no one heretofore has applied this technique to organic 
elementary analysis. 

In some types of control work and in synthetic organic procedures, a 
rapid method is very useful in following certain reactions; and in 

* Paper presented as part of the Symposium on Determination of Nitrogen in Organic 
Compounds. St. Louis Meeting American Chemical Society, September 6 to 10, 1948. 

45! 


| 


452 BIOCHEMICAL RESEARCH FouNDATION NOTES (J. F. 1. 


pharmaceutical preparations the presence of certain impurities can be 
ascertained and estimated by a rapid although not too accurate measure- 
ment of the nitrogen content. In the testing of biochemical products a 
simple approximation may be advantageous in following an extraction 
procedure. 

The sodium fusion method seems to be favored by the majority of 
authors of textbooks on qualitative organic analysis. On the other 
hand Baker and Barkenbus (4) claim that although the sodium fusion 
method has been widely used, it is. well known that nitrogen often 
escapes detection. Middleton (8) also dispenses with the use of sodium 
and uses instead sodium carbonate-sugar, or sodium carbonate-zinc 


A B 


Fic. 1. Sodium fusion and semi-quantitative estimation of elements. Alber (3). 


dust mixtures, and claims certain advantages of this method over the 
sodium procedure. Campbell (6) recently showed that a modified 
sodium fusion followed by detection of the cyanide ion by means of the 
Prussian blue test is favored for teaching inexperienced students. The 
advantages of this procedure have been substantiated by the number 
of analyses performed in this laboratory in which the sodium fusion 
method for elementary analysis is considered more reliable than other 
generally described procedures especially when other elements as well 
as nitrogen are to be detected. For the detection of nitrogen alone the 
method of Emich (7), in which air-slaked lime is used, has been found 
successful with as small an amount as 0.1 microgram of nitrogen. With 
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substances which may contain nitrogen in combination with oxygen, 
copper powder is added to the lime mixture. 

The method to be emphasized in this paper is the one proposed by 
Alber (1-3), which allows the estimation to within 5 per cent (absolute) 
of the quantities of nitrogen, halides, sulfur, and phosphorus (arsenic) 
present, so that an unknown compound may be classified within a 
narrower range. This approximation also permits the study of the 
influence of interfering substances; it indicates whether one of the 
elements sought is present as a trace (below 1 per cent), and thus 
eliminates misinterpretations due to impurities, a condition which must 
be considered in testing biological substances. 

A simple, inexpensive balance, modified according to the principle 
of Salvioni, may be used for the rapid weighing of samples from 0.2 to 
1 mg. The sample is introduced to the bottom of a fusion tube with 


10u.N 224N 


Fic. 2. Semi-quantitative estimation of nitrogen as Prussian blue precipitate. 


two bulbs, both of which contain metallic sodium. By heating the 
upper bulb first, even liquid samples will be decomposed without loss, 
since the vapors have to pass the hot sodium. The heated mass is 
dissolved in water, with the usual precautions, and the soluble material 
is allowed to be thoroughly leached out by boiling slightly. The filtrate 
is separated from the insoluble material by passing through a Strzyzow- 
ski funnel, with asbestos as a filtering medium, and centrifuged by 
means of a hand model. The filtrate is then brought to a definite 
volume in a calibrated microcentrifuge cone. Aliquot portions of this 
slightly alkaline stock solution are used for subsequent tests. The 
individual tests are performed in straight-tip cones as used by Benedetti- 
Pichler and Spikes. 

The test for nitrogen is made by the usual method of adding ferrous 
sulfate solution, mixing well and then acidifying with H2SOQ,. No 
particular advantage has been observed by adding a small amount of 
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potassium fluoride as recommended by Viehoever and Johns (10). The 
precipitate of Prussian blue is concentrated in the stem of the cone by 
hand centrifuging a definite number of revolutions or a prescribed 
length of time and compared with a standard compound which has 
been treated in a similar manner. The height of precipitate in the 
straight tip cone gives an approximation of the nitrogen present in the 
original sample. If the N to C ratio is high it may be found advisable 
to mix the compound with an equal weight of powdered sugar before 
the sodium decomposition and the fusing of this mixture with the 
molten metal will often assist in converting the nitrogen to sodium 
cyanide. 
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Fic. 3. Working curve for estimation of nitrogen content. Alber (3). 


Sulfur may be estimated by acidifying the stock solution with acetic 
acid and adding a few drops of lead acetate solution. The black 
precipitate of lead sulfide is centrifuged in the previously described 
manner and compared with a standard. Ifa test of the stock solution 
in dilute HCl with ferric chloride solution produced a blood-red color 
the presence of thiocyanate is indicated. This is suggestive of in- 
sufficient sodium being used in the original fusion. Sodium thiocyanate 
first formed is frequently decomposed by excess metallic sodium into 
sodium cyanide and sodium sulfide. 

The halides may be approximated by acidifying an aliquot portion 
of the stock solution with concentrated nitric acid and boiling gently 
for a few minutes to expel any hydrogen cyanide or hydrogen sulfide 
which may be present. A few drops of silver nitrate solution are then 
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added, and the solution again boiled to destroy any silver thiocyanate 
which may be present when both nitrogen and sulfur are found in the 
original compound. A heavy precipitate indicates the presence of 
chlorine, bromine, or iodine. If only a faint turbidity or opalescence 
is produced it is probably due to the presence of impurities in the re- 
agents or in the glass of the tube used in the original decomposition. 
The differentiation and separation of chlorine, bromine, and iodine, 
which are present as silver halides after the estimation, are made pos- 
sible by the differences in their solubilities in ammonium carbonate and 
ammonia, provided the ratio of the elements is approximately 1:1:1. 

Phosphorus may be estimated by boiling a portion of the stock 
solution with concentrated nitric acid. The solution is cooled to about 
60° C. and ammonium molybdate reagent added. The crystalline 
precipitate of ammonium phosphomolybdate (ammonium molybdi- 
phosphate) is measured and compared with a known sample. 

The estimations of the four elements described may be carried out 
easily after a little practice, and the time consumed will, on the average, 
not exceed one-half hour for all the tests. The information obtained is 
more conclusive and supporting than the mere reporting of the presence 
or absence of nitrogen or other elements. 


SUMMARY 


Several methods of decomposition of original sample for the detection 
of nitrogen and other elements are reviewed briefly. Emphasis is 
placed on a procedure in which aliquot portions of the stock fusion 
solution are used and the amount of constituent elements present is 
approximated. An accuracy of within 5 per cent (absolute) can be 
obtained within half an hour for nitrogen, halides, sulfur, and phos- 
phorus. The method is useful as a screening test, and allows the 
selection of the correct amount of sample for a quantitative organic 
microanalysis. 
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INTRODUCTION TO RADIOCHEMISTRY, by G. Friedlander and J. W. Kennedy. 412 pages, 
illustrations, 14 X 21 cm. New York, John Wiley and Sons, Inc., 1949. Price, $5.00. 
This book, written as a text for a college or graduate course in radiochemistry, is the 

first of its kind to appear and is certain to meet with a most cordial welcome. One of the 

most striking features is the large variety of topics discussed, some in brief and some in detail, 
and although many of them seem far afield from the subject of radiochemistry, the order and 
mode of presentation are such as to bring them neatly together into a logical picture of this 
extremely important branch of science. Included in the book are chapters on nuclear structure 
and properties, on high-energy particle accelerators and nuclear chain reactors, on the inter- 
actions of radiations with matter, on instruments for radioactivity measurements, on statistics 
of radioactivity measurements, and on the study of nuclear radiations, all in addition to 
chapters on the actual application of radioactivity to chemistry. In my opinion, one ob- 
jection to the book is the relative lack of material on the subject of radiochemical techniques 
and procedures. Presumably this subject is to be treated in detail in a forthcoming reference 
book entitled ‘Radioactivity Applied to Chemistry,” edited by Professor A. C. Wahl of 

Washington University, and one may hope that this companion volume to an ‘Introduction 

to Radiochemistry” will soon be published. 

The problems, which are included at the end of each chapter, are well-chosen and do 
much to complete the understanding of the text. The references cited do not constitute a 
complete bibliography but rather serve as an introduction to the recent literature and to the 
standard reference works. 

Both Friedlander and Kennedy have wide experience as radiochemists and as teachers of 
radiochemistry and they have put into their book many features which will make it a useful 
reference for anyone working with radioactive materials. They are to be commended for 


the excellent job they have done in assembling such a well-written text. 
E. SHAPIRO 


From Evuciip To Eppincton, by Edmund Whittaker. 212 pages, 14 X 23 cm. Cambridge, 

University Press, 1949. Price, $4.00. 

About three centuries before the beginning of the Christian era through a sustained effort 
by the early Greeks, a new revolutionary concept concerning the properties of space was 
enunciated. These early geometers building on the quicksands of their immediate knowledge 
began the development of scientific philosophy which culminated in the exposition of the 
theory of relativity early in the 20th century. 

Between Euclid and Eddington there lived many expounders of natural philosophy whose 
names have become cornerstones in the Physics structure today. Scientist philosophers like 
Descartes, Kepler, Newton, Leibnitz, Kant, Einstein, and others flashed comet-like across 
the horizon leaving trails, or threads, tying together the building blocks of our knowledge. 
These giants were to be followed by still another intuitive genius, Sir Arthur Eddington, who 
undertook the monumental task of unifying philosophical thought and correlating the laws of 
nature from the macrocosmos to the microcosmos. 

In “From Euclid to Eddington”’ Sir Edmund Whittaker has digested the history and 
development of scientific philosophy in a remarkably skillful and succinct manner and at the 
same time he has “disengaged the essential ideas from the intricacy of mathematical pres- 
entation.” He has taken the philosophers of the past and present and filed them into niches 
which expose their contributions to the science. He has further shown how, with an almost 
mystical insight, Eddington has arrived at abstract numbers which linked the domain of the 
atoms and the universe. He has succeeded in taking a complex, difficult subject and with 
uncanny facility translating it into readable form. The reviewer finds a close analogy between 
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this book and ‘Stars and Atoms” by Eddington. ‘Stars and Atoms”’ is essentially a non- 
mathematical digest of portions of ‘‘ The Internal Constitution of the Stars’’ and as such is a 
readable and delightfully pleasant book. Sir Edmund has in a way accomplished this feat 
in his book. 

The history and development of scientific philosophy is a history of the evolution of 
concepts and principles. These concepts change and with their change results scientific 
progress. Man, being what he is, cannot stagnate, his thought processes cannot become static 
and because of this, new ideas, new concepts, new principles will appear on the horizon to 
relegate the present ones to the past. In this book the author has tried to bring the reader 
up-to-date in this revolution by a penetrating analysis of the profound changes which have 
taken place in our thinking even to the controversial concepts now under discussion. 

Of especial and immediate interest is the imminent work of the 200-in. telescope. It 
may be safely assumed that within the next ten years many answers to controversial questions 
such as the red shift, the expanding universe, the size and structure of the universe may be 
obtained and it is to be regretted that Eddington is no longer alive to see whether his pioneering 
concepts in the new philosophy will be discarded, altered, or will prove a powerful influence 
to mould the course of natural philosophy in the future. The next few years should mark a 
new era in the history of natural philosophy and ‘‘From Euclid to Eddington”’ will go a long 
way in grounding one in the essentials to understand the changes which will inevitably take 
place in our thought and reasoning. 

I. M. Levitt 


ENGINEERING DEVELOPMENTS IN THE GASEOUS DiFFUSION PRocEss, by Manson Benedict 
and Clarke Williams. 129 pages, illustrations, 16 X 23 cm. New York, McGraw-Hill 
Book Co., 1949. Price, $1.25. 

As the annals of the atomic bomb are slowly presented in the form of the Manhattan 

Project Section of the National Nuclear Energy Series, a significantly larger, but still small, 

fraction of the public will become aware of the vast number of years of work which were 


crowded into the three actually involved. The declassifiable material available for the series 
will probably occupy 60 volumes, of which the above-titled is one of the first few published. 

This book describes a few of the important engineering techniques born of the complica- 
tions entailed in separating U** in the form of corrosive uranium hexafluoride (UFs). Since 
the UF., mixed with other gases, was diffused through porous membranes at definite pressures, 
instrumentation was required, after obtaining vacuum tight apparatus, to follow the pressure 
and percentage composition, and perform various other operations. The descriptions of the 
nine devices presented were apparently written by the inventors and edited by Benedict and 
Williams. 

Continuous process-gas analysis was accomplished by means of recording mass spectro- 
meters and ionization chambers. ‘The former was used for analyses of all the components 
of the gas streams containing 0.1 per cent to 100 per cent UFs, while the latter determined 
UF, present in quantities of 0.1 per cent to 1 X 10° as a function of the radioactivity of the 
three uranium isotopes. These instruments are described with the aid of schematic diagrams. 

A “magnetic gear for torque transfer to a closed system"’ is discussed briefly and none 
too clearly. , 

One of the greatest engineering achievements of the diffusion process was the construction 
of thousands of vacuum tight diffuser units, necessitating a tremendous and immediate advance 
in vacuum pressure testing and leak-detecting. For this purpose, the mass spectrometer 
calibrated for helium detection, was most successfully applied. When helium was directed 
at suspicious points of the evacuated apparatus, the spectrometer quickly announced the 
entrance of the foreign gas. The instrument, itself, together with related plant problems and 
specifications, are presented in two chapters. 

Other sections include papers on UFs cold traps, absorption of UFs in oil and continuous 
fluorine disposal apparatus. 

It is hoped that later books in this series will present further data and more complete 
descriptions of these and other engineering aspects of the diffusion process, which can provide 
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many pages of thrilling material. And in any case, the series will indicate experimentally 
the high probability that exists for science’s solving critical problems such as cancer if given 
the proper material backing. 


ALBERT L, MYERSON 


PHILOSOPHY OF MATHEMATICS AND NATURAL SCIENCE, by Hermann Weyl. 311 pages, 
15 X 23cm. Princeton, Princeton University Press, 1949. Price, $5.00. 
A large portion of this book is a translation of an article written in 1926 and published 
in 1927 under the title “‘ Philosophie der Mathematik und Naturwissenshaft,”” appearing in 
R. Oldenbourg’s Handbuch der Philosophie. The book has been brought up-to-date by a 
number of minor alterations, the inclusion of references to recent publications, and the addition 
in six appendices of brief essays based on recent developments in mathematics, physics, 
: chemistry and biology, the latter having been excluded from the original work principally 
because of another specialized article in the same publication. 

As indicated by the circumstances attending its original preparation, the book is con- 
cerned as much with the historical as with the systematic aspects of scientific philosophy. In 
his preface the author states that ‘‘one of the principal tasks of the book should be to serve as 
a critical guide to the literature listed in the references," much of which, as well as parts of 
the critical guide itself, will require a certain amount of preparation on the part of the reader. 

Part One, Mathematics, discusses Mathematical Logic, Number, and Geometry; and 
Part Two, Natural Science, is concerned with Space and Time, Methodology, and The Physical 
Picture of the World, all from the point of view of the philosophically-minded mathematician 
and scientist. Ideas and concepts made definite by modern experimental science are compared 
with those of earlier philosophers and natural scientists. In the course of the discussion, the 
line of thought covers a wide range. It is intriguing, for example, to find in a single sentence, 
and presented in a single connection, references to Albert Schweitzer, Coleridge, and St. 
Anthony’s sermon to the fishes. 

Essays in the appendix, based on recent scientific work, include The Structure of Mathe- 
matics; Ars Combinatoria (with applications to biology and genetics as well as the other 
sciences); Quantum Physics and Causality; Chemical Valence; Physics and Biology; and 
finally Morphe and Evolution, with references to Bergson, Shaw’s ‘‘ Methuselah,” H. F. 
Osborn, P. Jordan, Julian Huxley, and the Bible included in the closing paragraphs. 

In the concluding sentences of Part Two, the author presents the following summary: 
“Exact natural science, if not the most important, is the most distinctive feature of our culture 
in comparison to other cultures. Philosophy has the task to understand this feature in its 
peculiarity and singularity. The ideas presented here . . . should be looked upon as endeavors 
toward this end—although I cannot but admit that the task is at present far from being 
completely accomplished.” 


C. T. CHASE 


SkysHooTING, by R. Newton Mayall and Margaret Mayall. 174 pages, illustrations, and 
plates, 16 X 24cm. New York,*Ronald Press Co., 1949. Price, $3.75. 

Many, many times in the observatory of The Franklin Institute the reviewer has been 
asked the question, ‘‘How do I take a photograph of the moon, the sun, or of the stars?”’ 
After the question there came the involved answer—dealing not only with the question but 
also the inquirer's ability as a photographer. Now along comes a book with the completely 
modest title of “‘Skyshooting"’ which answers all the questions one can raise regarding celestial 
photography. 

The Mayalls have written a wholly intelligible book containing all the essentials necessary 
for the taking of sky pictures. This reviewer has been through the entire routine. He spent 
six years photographing the sun each clear day at the Cook Observatory. He has used the 
10-in. astrographic and the 28-in. reflector at the same Observatory. He has taken planet 
pictures with the 10-in. Zeiss refractor and has photographed the moon in and out of eclipse 
with the 24-in. reflector of The Franklin Institute Observatory. With this as a background 
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he whole-heartedly endorses the book ‘‘Skyshooting.”” It contains all the information needed 
to use a camera on the sky. 

There are some minor suggestions which could be offered and these not in the sense of 
criticism, but in hope that in a second edition these might be given serious consideration. The 
summary presented at the end of each chapter is an excellent digest of the content of the 
chapter. It would be desirable to have a single section in an appendix which would combine 
all this information where it may be immediately available. A listing of all the Amateur 
Astronomical Associations similar to the listing found in Sky and Telescope would be a welcome 
addition and more to be desired than the list of the professional observatories in the country 
This book may not appeal to the professional astronomer because in all probability his back- 
ground includes most of the material contained in the book. This type of book will appeal 
to the layman who seeks a hobby or to the amateur astronomer who desires to do serious 
photographic work on the sky. A listing of organizations where this work may be furthered 
would be a valuable addition to the book. 

The book is remarkably free of errors and only in one place is there any question as to 
the text. The authors state, ‘‘. . . the most valuable property of the photographic emulsion 
is its light-gathering power, ....’’ The word gathering is an unfortunate choice. The 
optical system determines the light-gathering power—a better word would have been light- 
storing. 

The book is well written, beautifully illustrated with carefully selected amateur photo- 
graphs, excellently compiled and highly recommended for the average individual who would 


turn his camera to the sky. 
I. M. Levitt 


ELEMENTARY METALLURGY AND METALLOGRAPHY, by Arthur M. Shrager. 297 pages, tables, 
illustrations, 16 X 24cm. New York, The Macmillan Company, 1949. Price, $4.75. 
The increasing interest in metals and alloys used in manufacturing machines, tools, 

appliances and industrial products, makes it necessary for those dealing with metals to have 

a clear understanding and knowledge of the underlying principles and concepts of metallurgy 

and metallography. Many excellent books have been written as well as a vast number of 

technical papers on the general subject and specialized fields. However, most of these are 
treated on or above the engineering level. This book treats the subject matter from an ele- 
mentary approach for individuals below the engineering level, requiring metallurgical training. 

The subject matter is presented well in a clear, concise manner which is easy to follow yet 

combines theory and practice in a well ordered progressive sequence, with sufficient theoretical 

background to afford anyone interested in the subject of metals and alloys ample opportunity 
to gain a useful working knowledge and understanding of the subject. The book consists of 

24 chapters dealing with structure of metals, slip and plastic deformation, recrystallization, 

mining, ore reduction, constitutional diagrams. The structure of iron and steel in the solid 

state is well illustrated. The allotropic changes and transformations which take place upon 
heating and cooling are included. Typical constitution diagrams are shown illustrating their 
application and use in connection with the various processes such as heat treating. The 
correlation of microstructure, and physical properties with the constitution diagrams is useful. 

Most metals occur in nature as ores containing a great deal of other material and must be 

separated and purified to be put in useful form as metals or alloys for specific purposes. The 
processes involved in winning metals from their ores are described, and the history of steel 
is covered showing how advancement in the art and science has progressed from the sword of 
Damascus to our present alloy steels used for highly stressed parts. The function and use of 
alloying elements together with laboratory methods of control are described briefly. The 
principles underlying heat treatment, working and fabricating metals are covered including 
the more recently developed isothermal transformation diagrams, hardenability tests, Aus- 
tempering, Martempering, induction hardening, and surface hardening. The mechanical 
properties can be altered by suitable alloying, working and heat treatment resulting in more 
satisfactory performance of steel parts for industrial use. 
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Chapters covering copper, aluminum, magnesium, and zinc together with typical alloys 
and properties are included. Useful tables are included as well as an excellent glossary of 
metallurgical terms. 

This book should prove useful to a large number of individuals working with or dealing 
with metals and alloys. Presented in such a clear, concise manner, it fills a real need in the 


metals industries for sound information about metals. 
Stuart S, KINGSBURY 


STRENGTH OF MATERIALS, by Gerner I. Olsen. 442 pages, illustrations, 16 X 24cm. New 

York, Prentice-Hall, 1949. Price, $4.25. 

Another book has been added to the already long list of books on the subject of strength of 
materials. However, this differs from most of the others in the method of approach to the 
various subjects. As the author indicates in the preface, the book is for use in technical 
institutes, college extension courses, trade schools and colleges where the subject is presented 
without the prerequisite of calculus. Consequently, the material is presented very simply 
and directly, requiring no more mathematics than algebra. Refreshingly, too, the author 
emphasizes the practical use of the material. Unfortunately, the scope of the various subjects 
treated is somewhat limited, but then it isn’t written for the advanced student. 

The book contains the usual strength of materials subject matter. The initial three 
chapters, discuss the principles of mechanics and fundamental stress and strain relationships. 
Then follow chapters on thin-walled cylinders and spheres and riveted and welded joints, 
torsion, shear and bending moment diagrams, design and deflection of beams, statically 
indeterminate beams, stresses due to eccentrically applied loads, columns, combined stresses, 
and fatigue strength and stress concentrations. Excellent illustrations throughout the volume 
aid greatly in the explanation of various concepts. Sometimes it is difficult to ‘see’ forces 
or stresses in three-, or even two-, dimensional objects; the student should have little or no such 
difficulty upon studying this book. Examples are used frequently to explain theories, and 
each chapter contains problems whose solution will aid further in the understanding of the 


strength of materials. 
E. W. HAMMER, JR. 


CoMMUNICATION Circuits, by Lawrence A. Ware and Henry R. Reed. Third edition, 403 
pages, illustrations, plates, 15 X 24 cm. New York, John Wiley & Sons, Inc., 1949, 
Price, $5.00. 

Having used the first and second editions of this book for classroom instruction, this 
reviewer finds the present third edition a welcome addition to that group of textbooks especially 
written for communications engineering students taking a first course in this subject. It is 
presupposed that the reader has a knowledge of calculus and a-c. theory. Sufficient vector 
and electromagnetic theory to develop Maxwell's equations in forms useful to the modern 
communications engineer is included in an appendix, as are the elements of Bessell functions. 

The elements of transmission circuits are common to many branches of electrical engineer- 
ing. A first chapter, completely rewritten from the earlier editions, treats of wire transmission 
line parameters, their physical interpretation and means of computation for the entire frequency 
range of interest. The ideas of shunt conductance and capacitance lead to the development 
of the short line with lumped constants and the standard transformations for T and = sections. 

In a clearly written style the authors carry the reader through the basic ideas of character- 
istic impedance, propagation constants, and distortion, first for the line composed of finite 
sections; then the corresponding theory is developed for the line having uniformly distributed 
parameters. These concepts are finally used to consider the transmission line which is termi- 
nated first in its characteristic impedance resulting in unidirectional propagation, then in a 
general terminating impedance which causes reflections. The open and short circuited line 
are given the usual “special consideration’’ because of the importance of these cases in line 
tuning. Questions of line matching and impedance transformations are treated separately 


because of their importance. 
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Asa natural development from the frequency dependency of T and =z sections, consideration 
is given to the fundamental properties of reactive networks, which serve as a basis for the 
design of the common varieties of constant-K and M-derived filters. 

Circular and cylindrical wave guides and coaxial cable are today commonly used trans- 
mission means. An elementary but thorough treatment of introductory problems is included 
in this edition. These subjects are treated by field theory based upon Maxwell’s equations 
with appropriate boundary conditions. One chapter is devoted to each of the major trans- 
mission means noted above, each time starting with the basic differential equations to derive 
the important parameters. One chapter is devoted to an outline of twelve transmission line 
experiments which illustrate basic principles. 

This volume should find the same wide acceptance in educational circles as did the earlier 
editions. The illustrative examples worked out in the text help the reader grasp the principles 
presented and the rather complete set of problems, many of them new in this edition, are 
sufficient in number to keep any student busy for quite some time. Practicing electrical 
engineers who wish a quick review of some basic communications engineering would do well 


to read this book in their leisure moments. 
S. CHARP 


Atomic EnercGy LevEts, Vol. I, ‘H-*V. National Bureau of Standards Circular 467. 309 
pages, 24 X 30cm. Washington, National Bureau of Standards, 1949. Price, $2.75. 


A critically evaluated compilation of all known data on the energy levels of elements of 
atomic number 1 through 23 has recently been published by the National Bureau of Standards 
and is now available from the U. S. Government Printing Office. Designed to meet the needs 
of workers in nuclear and atomic physics, astrophysics, chemistry, and industry, the publication 
is an up-to-date compendium of all energy levels for these elements exclusive of those due to 
the hyperfine structure ascribed to atomic nuclei. 

The present voluine is the first of a series yeing prepared at the Bureau as part of a general 
program on atomic energy levels derived from observations of the optical spectra of atoms 
and ions. Section 1 of this volume (hydrogen through fluorine) has previously been published 
separately. The new series represents the cooperative effort of scientists throughout the 
world and will constitute the first compilation of atomic energy levels in the last 18 years, 
during which time the number of known energy levels has increased by a factor of 4 or 5. 

In this series, spectra are presented in order of increasing atomic number, and under a 
given atomic number they are listed in order of increasing stages of ionization. For each 
spectrum a selected bibliography covering the analysis is given. The energy levels are tabu- 
lated in the related groups that form spectroscopic terms, counting upward from the lowest 
as zero. Electron configurations are also given in the tables, together with term intervals, 
Lande g-values, and term designations in a uniform notation. For the more complex spectra 
arrays of observed terms and their electron configurations are included. Similar arrays of 
the terms predicted by theory for important isoelectronic sequences are given-in the intro- 
duction. 

Volume 1 (containing Sections 1-3) of the National Bureau of Standards Circular 467, 
entitled Atomic Energy Levels, by Charlotte E. Moore, 352 large 2-column pages, cloth-bound, 
can be obtained from the Superintendent of Documents, U. S. Government Printing Office, 
Washington 25, D. C., at a cost of $2.75 a copy. Remittances from foreign countries must 
be in U. S. exchange and must include an additional sum of one-third the publication price to 
cover mailing costs. 


Erratum: “Photoelectricity and Its Applications,” by V. K. Zworykin and E. G. Ram- 
berg, reviewed on p. 267, Vol. 248, of this JOURNAL, was erroneously listed as ‘‘Photoelasticity 
and Its Applications.” 
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BOOK NOTES 


TECHNICAL DRAWING, by Frederick Giesecke, Alva Mitchell and Henry Cecil Spencer. Third 
edition, 851 pages, illustrations, 16 X 24 cm. New York, The Macmillan Co., 1949. 
Price, $4.50. 

This standard textbook on engineering drawing has been considerably revised and am- 
plified in the present edition. The chapters on Fasteners, Shop Processes and Aeronautical 
Drafting are among those which show extensive revision. In addition to including over one 
hundred new illustrations, many of the old ones have been redrawn to make them clearer. 
The text throughout has been brought into accordance with the 1946 revision of ‘ American 
Standard Drawings and Drafting Room Practice.’’ The material contained in the appendix 
adds much to the reference features of the work. 


BIBLIOGRAPHY OF RESEARCH ON HEAVY HyDROGEN Compounns, compiled by Alice H. Kimball 
and edited by Harold C. Urey and I. Kirshenbaum. 350 pages, 15 X 23cm. New York, 
McGraw-Hill Book Co., Inc., 1949. Price, $3.25. 


This volume of the National Nuclear Energy Series presents a listing of nearly two thou- 
sand | references on heavy hydrogen and its compounds. The list is alphabetical, arranged 
with cross references from variant spellings of names and co-authors. A code system has 
been established to indicate the general scope of each article. A subject index arranged by 
these code symbols is included indicating the articles coded under each classification. In 
addition, there is an index by compounds, subdivided by the code symbols. 

The list was compiled primarily from Chemical Abstracts 1932 to 1945, with additions 
from other sources. A useful feature is the inclusion of the Chemical Abstracts citation in 
nearly all cases. With its various aids, the bibliography will serve a number of purposes and 
should prove valuable for anyone concerned with the early work on deuterium. 


TV Picture PROJECTION AND ENLARGEMENT, by Allan Lytel. 179 pages, illustrations, 14 X 
22cm. New York, John F. Rider Publisher, Inc., 1949. Price, $3.30. 

This book offers a presentation of the basic optical principles involved in television 
picture projection, with a description of the different methods employed. Particular attention 
is paid to the commercial applications of the modified Schmidt and the refractive projection 
systems. Suggestions are made as to adjustments. Brief consideration is given to newer 
systems and possible developments in television projection. The work should prove useful 
for both the serviceman and the student. 
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CURRENT TOPICS 


Aerocar Prototype to Begin Flight Tests This Month (American Avia- 
tion, Sept. 15, 1949).—A new development in the roadable airplane field is 
scheduled to unfold this month at Longview, Wash., where the Aerocar proto- 
type is slated to begin flight tests. 

Officials of Aerocar, Inc., report that to date the auto portion of the craft 
has traveled about 1000 miles; that driving it is routine—except for the prob- 
lem of handling the crowds of people whenever it’s parked in town. 

Tests have shown the mileage to be 28 miles to the gallon, equal to the best 
performing automobiles in the light auto bracket. The craft attained speeds 
of about 60 on the highway with best performance determined at about 45 
miles an hour. Ona sod surface runway it accelerated to 75 mph. in 900 ft., 
plenty of speed for a take-off run. It appears that the Aerocar can perform 
about like a Crosley or an Austin on the highway. 

The early-scheduled flight tests should go smoothly, say the engineers, 
since wind tunnel tests in 1948 indicated that design characteristics were 
satisfactory. Tests were run off at the University of Washington with a one- 
fourth scale model which preceded the development of the prototype. In the 
wind tunnel the model indicated the design competed favorably with that of 
conventional lightplanes. 

The prototype incorporates the spin-proof, two-control feature and full 
provision for cross wind landings, with one steering gear for operation in the 
air and on the highway. It has front wheel drive from a 100 hp. Franklin 
engine which furnishes power for the more or less conventional prop at the 
tail of the flight component. The shaft to the prop was one of the most 
troublesome design problems, but officials say it has been solved to their satis- 
faction and to the “fair satisfaction,’’ so far, of CAA. Full throttle operation 
of the drive shaft under stringent conditions showed that it should prove satis- 
factory in the air. Engineers expect top speed in the air to be about 109 
mph., normal cruise about 100. Rate of climb should be over 500 fpm. and 
service ceiling 12,000 ft. Cruising range should be “about 300 miles;” it 
should land at 53 mph. with flaps in 300 ft. to full stop. It should take off and 
clear a 50 ft. obstacle in 1250 ft. Fuel consumption is estimated at 6 gal./hr. 
in the air. 

The Aerocar has all of the equipment needed to meet state vehicle laws for 
operation on the highway. Four wheel brakes, three speeds forward, one in 
reverse are controlled with conventional foot pedals and gear shift. Excellent 
ground stability is designed into the auto component built entirely of metal, 
employing separate keel box structure. Hydraulic shock suspension ride con- 
trol and roll-down windows should insure comfortable riding on the highway. 


Fort Benning Housing Project Uses TECO Trussed Rafters.—Battle Park 
Homes, Inc., the Army’s new 200-unit housing project for service personnel 
near Fort Benning, Georgia, may well serve as an economical prototype for the 
long-range plans of the National Military Establishment to alleviate the short- 
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age of quarters in all branches of the service, says Homer Maxwell of Maxwell 
and Hitchcock, Atlanta, who have worked closely with the designers and 
builders in effecting new economies in the project. 

When completed, Battle Park Homes will make available 88 modern 4} 
room and 112 5} room residences for service families stationed at the big 
Georgia base. James W. Biggers and Associates, Columbus, Georgia were 
the architects for the project, which is being built by the Jordan Construction 
Company. 

Expansion and improvement in quarters at bases in all branches of the 
service has long been sought by the various departments. The Army alone 
estimates its needs at 150,000 new units in the next few years. Many service 
families have been occupying quarters which were built as temporary structures 
during the first World War. It now appears that, coincidental with the 
passage of the new general housing bill, military families will also find relief 
through Congressional authorization for extensive construction of multi- 
family rental units at scores of posts. 

The new Fort Benning units are high-efficiency, low-cost buildings, says 
Maxwell. They are F.H.A. Type 608 built with a wood frame covered with 
brick veneer on concrete slabs. In addition to the low-cost wood frame an 
important new economy has been added in the form of fabricated trussed 
rafters joined with split ring connectors. The new rafters cut roof framing 
material about 25 per cent over conventional methods and reduce labor 
accordingly. 

Maxwell explains that the trussed rafters, based on designs developed by 
the Timber Engineering Company, Washington, D. C., are simple four- 
member assemblies composed of standard 2 X 4 and 2 X 6 lumber. Extra 
strength gained through the use of the timber connectors reduces the size of 
the lumber required to do the job and permits the trusses to be spaced 24 in. 
on centers rather than the usual 16 in. used with ordinary rafters. 

The new system which has already been used in nearly 20,000 units in 
privately built garden type apartments, does away with the need for bearing 
partitions and thus saves labor on most interior mechanical operations. 
Trusses are usually built on the job by the contractor through a simple fabri- 
cation system employing common labor. The rafters are spaced and held in 
place by another new development—TRIP-L-GRIP framing anchors, easily 
installed lightweight metal clips providing reliable ties between roof and walls. 

Three other new Georgia projects, the Poole Creek Apartments, Atlanta, 
the University Court Apartments, Athens, and a housing project of the 
Mangham-Butler Company in Atlanta, have also adopted the new roof 
framing system. 


Cortisone Research.—The necessity for providing financial support for 
further clinical research on cortical and related hormones was highlighted 
recently at the Cortisone Conference sponsored by Research Corporation. 

Dr. Robert R. Williams, director of grants for Research Corporation, out- 
lined for key scientists and representatives of private foundations and govern- 
ment services three steps that had been taken to speed the vital research on 
the hormone which has been widely heralded for its promise in treatment of 
rheumatoid arthritis, rheumatic fever and other diseases: 
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1. An agreement is about to be effected with owners of patents on many 
of the 30-odd steps in the present method of producing cortisone whereby 
each will be free to use the patents of the others. Research Corporation will 
also be free to license other firms under any of the patents. This is regarded as 
an important step in assuring future production of cortical hormones for 
public use. 

2. Research Corporation and Merck & Co., Inc., present sole producer of 
cortisone, have agreed to abide by the decisions of the committee appointed 
by the National Academy of Sciences to allocate the currently meager supply 
of cortisone. This agreement assures that the quantities of the hormone 
available in the next few months will be employed only for experimental use 
by qualified scientists whose requests are approved by the National Academy. 

3. In addition to grants of some $50,000 made since 1941 to Dr. Kendall of 
Mayo Clinic, discoverer of cortisone, Research Corporation is contributing 
about $85,000 this year in grants to scientists in American academic insti- 
tutions who may be able to contribute better synthetic approaches to cortisone 
and related substances. 


Pointing out the immediate need for additional research funds, Dr. Williams 
declared, ‘“‘The entire output of bile acids (present raw material for cortisone) 
from our slaughter houses will not make enough cortisone to provide continuous 
treatment for more than one-tenth of one per cent of all the arthritics in this 
country, should such treatment prove necessary or desirable. 

“The remedy is not to be found in minor improvements of present process. 
A synthesis must be developed either from simple artificial substances or from 


some much more abundant natural material. Either will require extended 
research, but important clues to processes on other raw materials exist and 
are being explored.” 


Enormous Coal Reserves of Montana Appraised.—Coal reserves in Mon- 
tana of 221,779,000,000 tons in place recently appraised by the U. S. Geo- 
logical Survey constitute an assured and abundant source of fuel that will be 
available when needed to supply synthetic fuel plants, Director W. E. Wrather 
has announced. More than 28,000,000,000 tons of lignite and sub-bitumin- 
ous coal, or about 12 per cent of the total reserve is known to be present in 
beds 10 feet or more thick, lying under less than 2000 feet of overburden, and 
less than 2 miles horizontally from the outcrop. 

The new appraisal is the first of a series of state summary studies being 
undertaken by the Geological Survey as part of a program to reappraise the 
coal reserves of the United States. During the period since 1928, when the 
last coal reserve estimate for the United States was prepared, much new work 
has been done by the Geological Survey and State agencies on the thickness 
and distribution of coal. Similarly, new estimates have been prepared for 
several eastern states, and for many individual mining districts. But for most 
States, including Montana, and for the United States as a whole, no compre- 
hensive re-appraisal has been undertaken. 

The new appraisal of Montana coal reserves was prepared in greater detail 
than the earlier estimates by the Geological Survey, and presents the data by 
counties, by rank of coal, by classes of coal according to the reliability of the 
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information on which the calculations were based, and by coal beds in several 
thickness groups. The total reserve of 221,779,000,000 tons is somewhat 
smaller than the earlier estimate of the Geological Survey, but the present 
estimate was made on a much more conservative basis, and is believed to 
represent a minimum figure. As new information is obtained it is expected 
that the estimate will be substantially increased. 


Combating Cosmetic Allergy (Manufacturing Chemist, Vol. XX, No. 8).— 
However strictly a cosmetic manufacturer controls the processing of his 
products he must always reckon on the mischance of his lipstick or face powder 
being used by a person allergic to one or other of the ingredients. Unless the 
person is aware of her idiosyncrasy and seeks medical help the chance is she 
will blame the product in question and tell her friends, to the detriment of the 
product. The point is, assuming medical advice is sought, is it always at 
hand? That doctors are not always properly informed is indicated by a note 
in the “Any Questions”’ section of a recent issue of the British Medical Journal. 
The questioner asked if anything was known about allergy to lipsticks and 
quoted a case of a patient coming to him with raw patches and swelling of the 
lips occurring some two hours after using a lipstick. The answer explains 
that such a condition mav be due to hypersensitiveness not only to eosin—the 
most frequent cause—but also to the perfume or fatty base used. It is also 
stated that there may be a superadded factor of induced light-sensitiveness 
owing to the fact that eosin is fluorescent. A change to a lipstick not contain- 
ing eosin is recommended and the enquirer is advised to seek information from 

a recognized cosmetic house. It seems that in view of the prevalence of lip- 

stick allergy manufacturers might circulate doctors with an explanatory leaflet 

and, where applicable, point out that a non-eosin lipstick is available. This 

would surely be a piece of sales promotion of great value to both manufacturer 

and doctor. Incidentally, it should be noted that the B. M. J. expert states 

that the application to the lips of a barrier cream, of the kind employed as a 

protective against industrial irritants, has been known to permit the use of a 

lipstick without injury. 


Portable Spray Drier (Chemical and Engineering News, Vol. 27, No. 38).— 
A unique, portable spray-drying unit of Danish design is being made avail - 
able in this country through the Niro Corp. 

This compact laboratory unit is particularly designed for experimental 
work in universities, laboratories and small scale production in pharmaceutical 
and industrial organizations. It may be easily wheeled from one department 
to another. Its performance is parallel with that of the Niro units now in 
use. This makes it possible to determine, on a small scale, the practicality and 
the technique of spray-drying various substances on a large scale. 

The Niro Portable Laboratory Spray features the specially designed, high- 
speed atomizer head, rotating at 50,000 rpm. and ejecting the liquid product 
as an extremely fine mist into the drying chamber, where circulating warm air 
instantaneously evaporates the water content. The dry product falls to the 

bottom of the chamber as a fine powder, where it is funneled out as a finished, 

easily soluble product. 

The new portable unit is constructed of stainless steel and glass, making it 
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suitable for conducting test runs on a wide variety of materials. The unit is 
equipped with both electrical and gas heating elements, and either may be 
used. Its capacity is 2 to 15 lb. of water evaporated per hour. 


Melamine Dinnerware Promotion (Jndia Rubber World, Vol. 120, No. 6).— 
In order to make Melmac melamine plastic dinnerware available to the general 
public, the plastics department of American Cyanamid has launched a com- 
prehensive advertising and sales promotion program designed to expand con- 
sumer markets. Melmac dinnerware has been thoroughly tested and widely 
accepted by restaurants, hotels, and institutions, and now a number of large 
molding companies will offer their lines of the product through retail stores. 
American Cyanamid will run a series of advertisements in consumer pubilca- 
tions, and will also cooperate extensively with the actual producers of Melmac 
dinnerware and with all retail outlets in sponsoring sales to consumers. 

The main features of the campaign will stress that this dinnerware is a new 
type and style of plastic dinnerware unlike the so-called picnicware known in 
the past. Specifically, breakage, resistance, attractive color and design, food 
insulating properties, resistance to food staining, ability to withstand hot 
water, and similar characteristics will be pointed out to consumers. 


An Electrostatic Clutch (Discovery, Vol. X, No. 8.—Among the exhibits 
which Metropolitan-Vickers Electrical Co. Ltd. showed at the fourth annual 
- exhibition held by the Institution of Electronics in Manchester on July 19-21 
was an electrostatic clutch. A polished disc of high-resistance semi-conductor 
and a polished metal disc, both optically flat to 10 cms., are pressed lightly 
together. When a potential is applied between them, a force of attraction is 
developed approximately proportional to the square of the potential across 
the discs. This effect was first observed by Johnson and Rahbek using moist 
lithographic stone, and ionic semi-conductor. An electronic semi-conductor, 
unlike lithographic stone, is not dependent on moisture content and has, 
therefore, been substituted in the model. 

A small clutch operating on this principle was exhibited driving a dyna- 
mometer and transmitting a torque of several hundred g.cm. The power 
consumption of the clutch is very low. 


Truck Able to Lift 110,000 Ib.—A huge trailer truck and four automobiles 
were lifted 5 ft. from the ground by the world’s largest industrial truck in a 
demonstration in Chicago. 

The powerful truck was built for the Oldsmobile division of General Motors 
Corp., by the Automatic Transportation Company, 149 West 87th Street, 
Chicago. The show of strength took place at the Automatic factory. 

Designed to lift and carry dies weighing 80,000 Ib., it actually can handle 
loads up to 110,000 Ib. 

The die handling machine carries its load on a platform 93 in. long and 
69 in. wide. From a starting position 26 in. off the ground, the load can be 
lifted to a height of 60 in. 

The truck is estimated to weigh 40,000 Ib., so in normal factory operation 
the carrier and load will total 120,000 lb. The demonstration was a mild 
workout requiring the lifting of a mere 15 tons. 
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A 72-volt battery powers the machine, enabling it to lift its massive load 
at the rate of 2.7 ft. per minute. 

At its broadest point the truck is 85 in. wide and it has an over-all length 
of 184 in. 

Despite the great weight involved, simple pushbutton controls guide its 
operation. Maneuvering dies on or off the press is a delicate task for which a 
winch attachment is used. This can be controlled by buttons on either side 
of the truck, giving the operator perfect vision. 

Following the demonstration, the die handler was shipped to Lansing, 
Mich., where Oldsmobile’s plant is located. 

Designer of the record-breaking machine is Edward W. Gammell, of Auto- 
matic’s engineering staff. 

Automatic has been the leading producer of huge materials handling 
machinery since 1906. It is the producer of the Skylift Giant series of ram 
trucks, able to handle huge coils of steel weighing up to 30 tons. The Giants 
are now being used in many mills in this country and abroad. 


The George Eastman House, Inc., a public educational institute to further 
the knowledge of photography’s means, accomplishments and potentialities 
in every field, will be opened to the public this month. 

It is fitting that the home which George Eastman built in Rochester, N. Y., 
should thus become an educational focus in the field which was so greatly 
advanced by his genius, by placing on exhibit the technological developments 
and the applications of photography both in the historical past and the present 
progress in the entire field of photography. 

The institute, with facilities for exhibitions, demonstrations, lectures and 

the showing of moving pictures, will be a national and international center for 
conferences on photography; for research in its history, science and application; 
for the education of school children by guided tours; for meetings of camera 
clubs and photographic organizations, for changing exhibitions of photographic 
work; for demonstrations of the latest apparatus and processes; for the screen- 
ing of both historical and modern motion pictures; and for other related pur- 
poses. 
Such an institute should become the mecca not only of all interested in 
picture-making—from the specialist to the amateur snapshooter and tourist— 
but to the ever-increasing number of writers, magazine editors, and historians 
who use pictures. 

Thus the purpose of the institute will be to demonstrate the technique of 
photography, to show the manifold part it plays in nearly every branch of 
human activity, and to facilitate the research of those interested in the world’s 
most facile medium of communication. 
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The Institute’s supply of the above mentioned copies 
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grateful to any Members who do not wish these num- 
bers for their own files if they will send them to the 
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MEMBERSHIP IN THE FRANKLIN INSTITUTE 


All persons interested in the purposes and activities of the Institute and willin 4 
further them, may become members when elected by the Board of Managers or 
manner prescribed by the Board. The following classes of ———— are sepelie’ 
for in the By-Laws: Student, Associate, Active, Sustaining, Honorary. 


Sustaining Members belong to the highest class of mem scenge to in the Institute 
and are entitled to all privileges of Privileges. 
They are included among the Friends of Fran a group of public spirited 
citizens who contribute to the support of the Institute and in other ways call the 
attention of present-day Americans to the wisdom of Benjamin Franklin. 

(annually) $50.00 or over 


Active Members have the full use of the ler ye ng th the privilege of borrowin: 
books. They are entitled to vote and to hold Subscription to the Fane 
of The Franklin Institute is included in their dues and they are sent each month a 
copy of The Institute News which contains a program of events and other items 
of interest. Their membership cards also entitle them to admission free of charge 
to the Museum, the Planetarium and the Museum demonstrations and lectures. 
Active Members who reside permanently at a distance of 50 miles or more from 
Philadelphia are permitted to pay annual dues of $7.50. 


Active Membership 
= = with Family Privileges 
Active Membership (Non-Resident) 


Associate Members receive a membership card entitling them to admission free of 
charge to the Museum, the Planetarium and the Museum demonstrations and 
lectures. They are sent each month a copy of The — News, which con- 
tains a program of events and other items of interest. do not have the 
right to vote, but, with the Active Members, may oe inathute Meetings and 
Lectures and may be accompanied by a guest at 
$5.00 
$10.00 


Family Privileges may be obtained by Associate or Active Members on payment 
of $5.00 annually in edidition to their Bos dues. This entitles them to receive, 
for each individual in their family and resident = them, a card entitling the 
holder to unlimited free admission to the Museum and ae ee 


Student Members must be under twenty-five years of oS are entitled to 
all the privileges of Associate Membership except Family Privileges. On pay- 
ment of an additional amount and on the sponsorship of a teacher 0 or an Active 

Member of the Institute they may be granted the use of the Li 
Student nually) $2.00 
with use of Library....... ‘annually) $3.00 


Membership for Life may be obtained in the Associate and Active og 
payment of $100 and $300 respectively. For those who reside permanently 
distance of fifty miles or more the fee for Active Membership for Life is fo 


The annual fees for membership are due and payable on the first day of the month of 
the date of election, or as determined by the Board of Managers. Any member whose 
dues are more than two months in arrears shall — all the privileges of membership 
suspended until such time as all arrears are paid. ould the dues not be paid when 
they become six months in arrears the said Shed shall forfeit his membership. 


Firms, Corporations, Associations or Individuals may nominate and subscribe for the 
membership dues of groups of members of any class or classes, at the annual dues 
provided for, subject to the approval of the Board as to any particular nominee. If 
the dues of these nominees amount to $100 or more in the aggregate, the firm, corpora- 
tion, association or individual shall be known as an Affiliate of the Institute. 


Resignations of memberships shall be made to the Board of Managers in wane, ® but 
ve 


For further information and membership application blanks address the Secretary. 
The Franklin Institute, Benjamin Franklin Parkway at 20th Street, Philadelphia 3, Pa. 
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AWARDS BY THE INSTITUTE 


The Franklin Medal (1914—Gold Medal).—This medal is awarded annually from 
the Franklin Medal Fund, founded January 1, 1914, by Samuel Insull, Esq., to those 
workers in physical science or technology, without regard to country, whose efforts, 
in the opinion of the Institute, acting through its Committee on Science and the Arts, 
have done most to advance a knowledge of physical science or its applications. 

The Elliott Cresson Medal (1848—Gold Medal).—This medal is awarded for dis- 
covery or original research, adding to the sum of human knowledge, irrespective of 
commercial value; leading and practical utilizations of discovery; and invention, meth- 
ods or products embodying substantial elements of leadership in their respective 
classes, or unusual skill or perfection in workmanship. 

The Howard N. Potts Medal (1906—Gold Medal).—This medal is awarded for dis- 
tinguished work in science or the arts; important development of previous basic dis- 
coveries; inventions or products of superior excellence or utilizing important principles. 

The John Price Wetherill Medal (1925—Silver Medal).—This medal is awarded 
for discovery or invention in the physical sciences or for new and important combina- 
tions of principles or methods already known. 

The Edward Longstreth Medal (1890—Silver Medal).—This medal is awarded for 
inventions of high order and for particularly meritorious improvements and develop- 
ments in machines and mechanical processes. In the event of an accumulation of the 
fund for medals beyond the sum of one hundred dollars, it is competent for the Com- 
mittee on Science and the Arts to offer from such surplus a money premium for some 
special work on any mechanical or scientific subject that is considered of sufficient 


importance. 


The Louis E. Levy Medal (1923—Gold Medal).—This medal is awarded to the 
author of a paper of especial merit, published in the JouRNAL oF THE FRANKLIN 
INsTITUTE, preference being given to one describing the author’s experimental and 
theoretical researches in a subject of fundamental importance. 

The George R. Henderson Medal (1924—Gold Medal).—This medal is awarded 
for meritorious inventions or discoveries in the field of Railway Engineering. 

The Walton Clark Medal (1926—Gold Medal).—This medal is awarded to the 
“author of the most notable advance in knowledge or improvement in apparatus, or in 
method concerning the science or the art of gas manufacture or distribution or utiliza- 
tion in the production of illumination, or of heat, or of power.” 

The Frank P. Brown Medal (1938—Silver Medal).—This medal is awarded to 
inventors for discoveries and inventions involving meritorious improvements in the 
building and allied industries. 

The Newcomen Medal (1943—Gold Medal).—This medal is awarded, not oftener 
than once in three years, for achievement in the field of Steam. 

The Francis J. Clamer Medal (1943—Silver Medal).—This medal is awarded at 
least once in five years for meritorious achievement in the field of Metallurgy. 

The Stuart Ballantine Medal (1946—Gold Medal).—This medal is to be awarded in 
recognition of outstanding achievement in the fields of Communication and Recon- 
naissance which employ electromagnetic radiation. 


The William M. Vermilye Medal (1937—Bronze Medal)—This medal is awarded 
not oftener than biennially in recognition of outstanding contribution in the field of 


Industrial Management. 

The Certificate of Merit (1882).—A Certificate of Merit is awarded to persons 
adjudged worthy thereof for meritorious inventions, discoveries or improvements in 
physical processes or devices. 

The Boyden Premium.—Uriah A. Boyden, Esq., of Boston, Mass., has deposited 
with The Franklin Institute the sum of one thousand dollars, to be awarded as premium 


to “any resident of North America who shall determine by experiment whether all rays 
of light and other physical rays are or are not transmitted with the same velocity.” 


For further information relating to these awards apply to The Executive Director. 
(Revised to April, 1948.) 
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anoruen scons we battle of the inches 


It takes many costly buildings to 
house your telephone system. Every 
inch saved helps keep down the cost 
of telephone service. So at Bell Tele- 
phone Laboratories engineers work 
constantly to squeeze the size out of 
telephone equipment. 

In the picture a new voice frequency 
amplifier is being slipped into posi- 
tion. Featuring a Western Electric 
miniature vacuum tube, tiny permal- 
loy transformers, and special assem- 
bly techniques, it is scarcely larger 
than a single vacuum tube used to be. 
Yet it is able to boost a voice by 35 
decibels, Mounted in a bay only two 


BELL TELEPHONE LABORATORIES Exploring and Inventing, Devising 
and Perfecting, for Continued Improvements and Economies in Telephone Service 


feet wide and 1144 feet high, 600 
of the new amplifiers do work 
which once required a room full 
of equipment. 

This kind of size reduction through- 
out the System means that more parts 
can be housed in a given space. Tele- 
phone buildings and other installa- 
tions keep on giving more service for 
their size — and keep down costs. 

The new amplifiers, which will soon 
be used by the thousands throughout 
the Bell System to keep telephone 
voices up to strength, are but one 
example of this important phase of 
Laboratories’ work. 
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a From colorful New Orleans, thru suing it we invented the lightweight, : 
Mississippi, busy Birmingham, At- high-strength, all-stainless steel rail- a 
as | tanta and bright new industrial cities way passenger car which ended the se 
s of the Carolinas and Virginia, a beau- era of heavy construction. ae 
=. tiful train glides over the Southern Many traditions have given way to a 
ae Railway to Washington and New Budd enterprise. First to go was the te 
York—the new Southerner, gleaming wooden automobile body with the 
me with all-stainless steel cars built by invention, by Budd, of the all-steel ae 
a It seems appropriate that our . wheel, with Budd’s introduction of ee. 
cars should bear the mame of the disc wheel. A hundred thou- 
railroad which envisioned an indus- sand new Budd-built plows, cach year, 
trial and prosperous South and has contributing to improved agricul- 
contributed so abundantly toward ture. And while, at the start, all these ae 
=e worked successfully for a cause, we ness of conception and development , oe 
a have worked for ours. have enabled The Budd Company to - es 
Our cause has always been the grow to an industry. which delivers a 
=a creation of better products through million dollars worth of products eee 
es the use of superior materials and chal- every working day. BS 
jenging, imaginative design. In pur- The Budd Company, Phila., Detroit. 
} 


